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STUDIES ON XANTHURENIC ACID 
XIV. INHIBITORY ACTION OF 4-HYDROXY-8-METHOXY- 
QUINOLINE-2-CARBOXYLIC ACID, ETHEREAL SULFATE OF 
XANTHURENIC ACID AND KYNURENIC ACID ON THE 
DIABETOGENIC PROPERTY OF XANTHURENIC 
ACID 


By YAHITO KOTAKE anp MURAJI KATO 


(From the Biochemical Department, Wakayama Medical College, 
Wakayama) 


(Received for publication, March 15, 1957) 


In the previous report, xanthurenic acid, an abnormal metabolite 
of tryptophan, was pointed out by Kotake et al. (1) to be a diabetogenic 
substance. Oxine, likewise, was formerly reported by Okamoto (2) 
to be an agent diabetogenically active. On the basis of these two ob- 
servations, it seems probable that the presence of free OH radical in the 
8 position of quinoline ring is indispensable for diabetogenic activity of 
quinoline compound. 

In this paper some additional evidences are presented showing that 
the quinoline compounds, deprived of free OH radical by methylation, 
as in 4-hydroxy-8-methoxy-quinoline-2-carboxylic acid and by esterifica- 
tion with acid, as in 4,8-diethereal sulfate of xanthurenic acid exert not 
only no diabetogenic action by themselves but also somewhat antagonistic 
action toward xanthurenic acid. Further, it is interesting to note that 
kynurenic acid, which possesses no OH radical under consideration 
showed the quite similar behavior as those compounds above mentioned. 


EXPERIMENTAL AND RESULTS 


I. Experiment with 4-Hydroxy-8-methoxy-quinoline-2-carboxylic Acid— 
Preparation of pure xanthurenic acid and 4-hydroxy-8-methoxy-quino- 
line-2-carboxylic acid ethyl ester were carried out as follows: These 
compounds were synthesized in accordance with the revised Musajo’s 
method (3). In this case xanthurenic acid was obtained by demethyl- 
ation of 4-hydroxy-8-methoxyquinoline-2-carboxylic acid ethyl ester 
(Diagram 1). 

The preparation was often contaminated with trace of the acid 
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form of the mother substance. This can be well recognized by means 
of paper chromatography. When the mixture of n-butanol, acetic acid 
and water (4:1:1) is used as a developer, the Ry value of xanthurenic 
acid is 0.48, while that of 4-hydroxy-8-methoxy-quinoline-2-carboxy- 
lic acid 0.75. The corresponding spots can be confirmed by fluorescent 
test or color reactions. Namely the former gives pale blackish fluores- 
cence under ultraviolet light, while the latter brilliant blue and the 
color reactions such as the Pauly’s diazo, the Ehrlich’s diazo and 
Fe‘t are positive with the former but all negative with the latter. 

In the animal experiment, albino rats, fed more than a fortnight 
on a casein diet and weighing 200 g., were used. A group of the animals 
were intraperitoneally injected with 200 mg./kg. of xanthurenic acid, 
serving as a control. Another 3 groups were injected with 100 mg., 
50mg. or 20mg./kg. of 4-hydroxy-8-methoxy-quinoline-2-carboxylic 
acid ethyl ester respectively and 10 minutes later each reinjected intra- 
peritoneally with 200 mg./kg. of xanthurenic acid. Then the blood 
sugar were determined by the King-Garner’s method (4) with time. 
The results are illustrated in Figs. 1, 2 and 3. 

It is now apparent that the change of blood sugar level such as the 
initial hyperglucemia followed by the hypoglucemia and then the 
second hyperglucemia caused by the injection of xanthurenic acid was 
completely suppressed by 4-hydroxy-8-methoxy-quinoline-2-carboxylic 
acid ethyl ester even in such small dosis as one tenth of xanthurenic acid. 

The same results were obtained by 4-hydroxy-8-methoxy-quinoline- 
2-carboxylic acid, which is found rather as an impurity in the prepara- 
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tion of xanthurenic acid. (Fig. 4). 


I. Experiment with Ethereal Sulfate of Xanthurenic Acid—Preparation 
of ethereal sulfate of xanthurenic acid (5) was carried out as follows: 
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Fic. 1. Tested animals: xanthurenic acid 200 mg./kg. and 4- 
hydroxy-8-methoxy quinoline-2-carboxylic acid ethyl ester 100 mg./kg. 
injection 
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Fic. 2. Tested animals: xanthurenic acid 200 mg./kg. and 4- 


hydroxy-8-methoxy quinoline-2-carboxylic acid ethylester 40 mg./kg. 
injection. 


A number of albino rats were injected with 20 mg. of xanthurenic acid 


(m.p. 296.5°). 24 hours urine was collected, filtered, adjusted to pH 


3.0 and kept in an ice-box overnight. The whole urine was extracted 
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with the mixture of ether and alcohol (15:1) and filtered through 
Amberlite IRA 410. Being concentrated, the filtrate was subjectedi to 
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Fic. 3. Tested animals: xanthurenic acid 200 mg./kg. and 4- 


hydroxy-8-methoxy quinoline-2-carboxylic acid ethylester 20 mg./kg. 
injection. 


mg./dl. 


240 Control animal 


padaseak Tested animal 
200 


160 


120 


40 


0.5 LS 3 7 hrs. ! 
TIME 


3 5 days 


Fic. 4. Tested animals: xanthurenic acid 200 mg./kg. and 4- 


hydroxy-8-methoxy quinoline-2-carboxylic acid 50 mg./kg. injection. 


paper chromatography using a mixture of methanol, n-butanol, benzene 
and water (2:1:1:1) as a developer. The dark purplish blue fluores- 
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cent spot (A, 0.28) was cut out and its water extract was again paper- 
chromatographed, using n-butanol: acetic acid: water (4: le] )easia 
developer. The fluorescent spot (Ry 0.08) was again cut out and its 
extract was treated with a saturated mercury acetate solution, upon 
which a precipitate came out. The precipitate was suspended in water 
and decomposed with H,S. The solution was mixed with methanol 
and filtered. ‘The filtrate was evaporated to dryness. The residue was 
dissolved in methanol and then the solution was slowly evaporated, 
upon which a crystal came out. This crystal, although contained some 
amount of inorganic substances, revealed only one fluorescent spot on 
a paper chromatogram, corresponding to the ethereal sulfate of xanthure- 
nic acid previously found by one of the authors and Nogami. Also 
the spectrum analysis of this substance confirms the above finding, 
showing two maxima at 246 my and 336 my. 

But here still remains some uncertainty whether OH radical in the 
4 position or in the 8 position entered into esterification with sulfulic 
acid or both of them. 

It was found, however, that one molecule of sulfuric acid was separ- 
ated by hydrolysis with 0.1 N HCl in sealed tube at 100° remaining a 
substance which showed paperchromatographycally R; 0.14 and negative 
reactions toward any diazo color tests. Since this diazo reaction is 
assumed to be associated with free OH radical in the 8 position, it is al- 
most certain that this radical is not free. Therefore, sulfuric acid should 
be detected from the 4 position. ‘The authors tried once more to subject 
the substance showing Ry 0.14 to hydrolysis with more concentrated 
HCl (5N). Herein one more sulfuric acid was separated and the 
remaining substance showed Ry 0.45 (developer: butanol, acetic acid 
and water) and positive diazo reactions. 

It will be concluded after all that the crystalline compound obtained 
from the urine of albino rats treated with xanthurenic acid was diethereal 
sulfate of this substance. 

The procedures in the animal experiment were quite the same as in 
the previous experiment except in this case 100 mg. or 75 mg./kg. of 
diethereal sulfate of xanthurenic acid was injected intraperitoneally. 


The results of blood sugar determinations are illustrated in Figs. 5 


and 6. 
It will noticed that the initial hyperglucemia was not completely 


abolished but the second one was completely suppressed. 
UI. Experiment with Kynurenic Acid—Kynurenic acid here used was 
a pure one synthesized by prof. Sakan. The experimental condition 
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was the same as the foregoing one except in this case either 100 mg. or 
200 mg./kg. of kynurenic acid were injected. 

The behavior of blood sugar is well illustrated in Figs. 7 and 8. It 
will be noticed that the administration of 100 mg. of kynurenic acid 
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Fic. 5. Tested animals: xanthurenic acid 200mg./kg. and 
ethereal sulfate of xanthurenic acid 75 mg./kg. injection. 
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Fic. 6. Tested animals: xanthurenic acid 200mg./kg. and 
ethereal sulfate of xanthurenic acid 75 mg./kg. injection. 


showed no appreciable effect on the initial hyperglucemia due to xan- 
thurenic acid, but a significant reduction of the second hyperglucemia. 

In the case of 200 mg. of kynurenic acid, the suppressing effect are 
fairly apparent toward both hyperglucemia. 
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Fic. 7. Tested animals: xanthurenic acid 200 mg./kg. injec- 
tion and kynurenic acid 100 mg./kg. injection. 
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DISCUSSION 


It has been sometimes observed by the authors in the experiments 
on the diabetogenic action of xanthurenic acid, that hyperglucemia in 
albino rats following the injection of the acid failed to appear. At that 
time, the reason of this failure was quite obscure. Now it became clear 
by our experiment that 4-hydroxy-8-methoxy-quinoline-2-carboxylic 
acid is responsible for it. Since xanthurenic acid is obtained after 
Musajo’s method by demethylation of 4-hydroxy-8-methoxy-quino- 
line-2-carboxylic acid ethyl ester, it is liable that this substance remains 
as a contaminant in the sample of xanthurenic acid. 

If this is the case, the diabetogenic activity of xanthurenic acid will 
be reduced to a large extent. It is highly desirable, therefore, that the 
sample of xanthurenic acid should be pure as possible as we can for the 
use to estimate its diabetogenic activity. 

Another point which should be emphasized here is the fact that OH 
in the 8 position of quinoline ring should be present and also free for the 
development of diabetogenic activity. Kynurenic acid, which corres- 
ponds to 8-dehydroxy xanthurenic acid, not only has no such activity but 
also acts as inhibitory to xanthurenic acid though in less degree than 
4-hydroxy-8-methoxy-quinoline-2-carboxylic acid. As another example 
in this line diethereal sulfate of xanthurenic acid was considered. In 
the animal body the conjugation of phenolic OH radical with sulfuric 
acid is the common detoxicating process. Actually we obtained a 
diethereal sulfate of this acid from the urine of animals injected with 
xanthurenic acid, and proved that this substance acted quite antagonis- 
tically to xanthurenic acid. 


SUMMARY 


It has been proved that 4-hydroxy-8-methoxy-quinoline-2-carboxylic 
acid, diethereal sulfate of xanthurenic acid and kynurenic acid act 
antagonistically to xanthurenic acid with regard to the diabetogenic 
activity. 

For the development of this activity free OH group in the 8-position 
of quinoline ring is necessary. 


In conclusion, we heartily thank Prof. Yashiro Kotake for his pertinent advice 
and encouragement, Prof. K. Kodama for his revision, and also heartily thank Prof. 
T. Sakan for his advice to synthesis of the compounds necessary for this experiment. 


) 
(2) 
(3) 
(4) 
(5) 


XANTHURENIC ACIDX. IV 795 


REFERENCES 


Kotake, Yahito, and Inada, T., JF. Biochem., 40, 291 (1953) 

Okamoto, K., Acta scholae medicales universitatis in Kioto, 27, 43 (1949) 
Musajo, L. and Minchili, M., Ber. deutsch. Chem. Ges., 74, 1839 (1941) 
King, E. J. and Garner, R. J., 7. Clin. Path., 1, 30 (1947) 

Kotake, Yahito, and Nogami K., J. Biochem., 41, 621 (1954) 


“iliac ‘ 


- 


: —_~ 
ene Tie 
aes |, op : 

: . 7 : arene 
- : ‘ i i a A ge 
ite . wm Wapogith 


bE! ; , — 


wh 


The Journal of Biochemistry, Vol. 44, No. 12, 1957 


PHYSICO-CHEMICAL STUDIES ON TAKA-AMYLASE A 


II. ON THE COMPACTNESS AND THE HYDRATION OF THE 
MOLECULE 


By TOSHIZO ISEMURA anp SHIZUE FUJITA 


(From the Laboratory of Colloid Science, the Institute of Scientific 
and Industrial Research, Osaka University, Sakai, Osaka) 


(Received for publication, June 6, 1957) 


We have reported in the previous paper (J) the results of size and 
shape determination of Taka-Amylase A by the measurements of ultra- 
centrifugal sedimentation, diffusion, and viscosity. The molecular 
weight of this protein was found concordantly to be 51,000 from three 
different combinations of measurements, namely, sedimentation and 
diffusion, sedimentation and viscosity, and diffusion and viscosity ac- 
cording to Simha-Perrin’s treatment (2), if we assume that the Taka- 
amylase A molecule is of the prolate ellipsoid and scarcely hydrated. 

Contrary to the treatment of Simha-Perrin which assumes the 
molecule to be rigid, Scheraga and Mandelkern (3) presented a 
new theory assuming that the solvent flows through the domain of the 
protein molecule. They defined the hydrodynamically effective volume 
in which the effect of molecular flexibility, and the effect of hydration 
were included without specifying the amount of hydration. The hydro- 
dynamically effective volume calculated by their theory would be in- 
accord with the anhydrous molecular volume only when the protein 
molecule is rigid and anhydrous. In this point of view the hydrodynam- 
ically effective volume of Taka-amylase A was calculated and found that 
this is nearly the case. On the other hand, it was noticed that the 
observed partial specific volume of this protein is considerably less than 
the calculated value by the Cohn-Edsall’s procedure (4) of summation 
of the specific volumes of constituent amino acids. The small partial 
specific volume of Taka-amylase A suggests a compact and rigid structure 
which may be attributed to the occupation of interstices between the 
polypeptide helices in the molecule by the prosthetic groups. 


EXPERIMENTAL 


The details of the experiments were described in the previous paper (/). 
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RESULTS AND DISCUSSION 


As has been shown in Table VI in the previous paper (1), the values 
of molecular weight of Taka-amylase A estimated by three different 
procedures are in good agreement with each other if we assume that the 
molecule is of the prolate ellipsoid in shape and scarcely hydrated. ‘The 
frictional ratio of the molecule and the length of minor axis calculated on 
this assumption are also in accord with the experimental findings. 
However, it is very difficult to accept that the protein molecules exists 
in nearly anhydrous state in solution. Nevertheless, if the Simha- 
Perrin procedure used previously is correct, we are compelled to con- 
ceive that the Taka-amylase A molecule may be in such a state under 
our experimental condition, i.¢., in 0.2 M acetate buffer at pH 4.8. 

Our conclusion that the Taka-amylase A molecule might be poorly 
hydrated has been reached by the Simha-Perrin’s treatment assum- 
ing that the protein molecule may be of rigid prolate ellipsoid. Ac- 
cording to their treatment, actual volume of protein molecule in solution 
will be expressed as Ma/N-+Mw/Np, which is assumed to correspond to 
the hydrodynamically effective volume, where M is the anhydrous 
molecular weight of the protein, 3 the partial specific volume of the 
anhydrous protein, p the density of the solvent, w the weight of solvent 
combining with a gram of the anhydrous protein. Then, Mz/N is the 
contribution of anhydrous protein and Mw/No the volume increment by 
hydration. In this treatment, all the following effects were neglected, 
namely, possible flow of solvent through the domain, deviation of the 
shape of the domain from that of an ellipsoid of revolution, deformation 
of the domain by the hydrodynamic forces, selective adsorption from 
mixed solvent, electrostriction, and similar effects. Scheraga and 
Mandelkern thought that it is indispensable to take these effects into 
consideration. 

According to them, the shape factor # which is the function of the 
axial ratio of effective hydrodynamic ellipsoid was calculated as follows, 


Ns{q}t'*4 
B= 772781 —$p) (1) 
_ Dink S Mt 
a ET (2) 


Substitution of the values of the sedimentation constant, s =4.67 svedberg, 
the diffusion coefficient, D=7.37 x 10~" cm?/sec., the intrinsic viscosity, 
[7] =0.034 dl./g., and the partial specific volume, 7=0.700 ml./g. for 
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Taka-amylase A determined previously (1) into Equation (1) or (2) led 
to the @ value of 2.22 x 108 or 2.21 x 108, respectively. Since f is larger 
than 2.15 x 108, the effective hydrodynamic ellipsoid may be of prolate 
ellipsoid. ‘The axial ratio, a/b, was estimated to be 4.7 or 4.3 respectively 
from these data. The hydrodynamically effective volume V, of Taka- 
amylase A molecule corresponding to the § value estimated from Equa- 
tion (1) or (2) was calculated, using s=M (1—%p)/Nf or D=kT/f. It 
was found to be 5.32 10-9 or 5.741029 ml., respectively. On the 
other hand, the effective volume of Taka-amylase A calculated by Ma/N 
assuming the molecule to be rigid and anhydrous is 5.93 x 10-29 ml. 
This corresponds nearly to the hydrodynamically effective volume 
calculated by Scheraga-Mandelkern’s treatment just mentioned. 
Comparison of the Simha-Perrin’s treatment with that of Scheraga- 
Mandelkern for Taka-amylase A is given in Table I. 


TABLE I[ 


Comparison of the Simha-Perrin Treatment with That of Scheraga- 
Mandelkern for the Data of Taka-amylase A 


Scheraga-Mandelkern Simha-Perrin 


from Eq. (1) from Eq. (2) 


BpalOne De MDD| 
a/b (prolate) 4.67 2.39 a/b (prolate, anhydrous) 4.17 
V. x 107° ml. DoZ 5.74 Mo!N x 10?° mi. 5.93 


The effective volumes calculated by Scheraga-Mandelkern’s 
procedure and Mzo/N values of some proteins are listed in Table II as 
well as the molecular weights, intrinsic viscosities, sedimentation constants 
and partial specific volumes used for calculation. For example, V, 
value of a ichthyocol parent gelatin is 5.09 x 10° ml. and far less than 
the volume of the anhydrous protein, namely, of 8.16 10-°ml. (5). 
In order to keep these volumes in harmony with each other, we must 
attribute negative hydration to the gelatin molecule. This contradiction 
may be caused by the fact that the gelatin molecule is of partially free 
drainage, and that the Simha-Perrin’s treatment assuming a rigid 
ellipsoidal model would not be hold for this protein. Similar relations 
were found with horse serum albumin and egg albumin. On the other 
hand, V, is nearly equal to, even slightly larger than Mz/N with tobacco 
mosaic virus of which amount of hydration is considered to be small 
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(6, 7) and to be rather compact molecule (8). 


The amount of hydration for tabacco mosaic virus has been estimated by Schacha- 
man and Lauffer (7) as 0.15 ml./ml. virus. This estimation is open to some ques- 
tion, but it seems highly probable that the hydration is very likely less than for most 
smaller proteins. 


From the facts mentioned above, it is probable that the Taka-amylase 
A molecule might be of the relatively rigid and scarcely hydrated. 


Recently Polson (9) showed that the following relation can be applied to most 
proteins in aqueous solution, 


MD*[q]=k (3) 
where k appears to be sensibly constant, which is 8.06 x 10-18. Substituting the values 
of M, D and [y] for Taka-amylase A into Equation (3), the & value is found to be 6.94 
% 10718, This smaller value of k might be attributed to the high degree of compactness 


and the scarce hydration of this protein, although the unambiguous explanation cannot 
be offered at present. 


Ase WU 


Comparison of the Hydrodynamically Effective Volumes, Vz, calculated by 
Scheraga-Mandelkern’s Treatment with the Anhydrous Molecular 
Volumes, Mv|/N, of Some Other Proteins 


. | 2 Mo/N Data used for calculation 
Protein ANG x 1020 [y] | sx108 > 
Gelatin 5.09 (1) 8.16) 0.344) | 0.34 | 0.7050) 69,700) 
Egg albumin 2.40 5.47 | 0.043@)) 3.55® | 0.749@) 44,000) 
Horse serum albumin | 6.38 8.69 | 0.049 | 4.46 | 0.748 70,000‘®) 
$-Lactoglobulin | 4.54 5.18 | 0.045@) | 3.12 | 0.7518) 41,5008) 
Tobacco mosaic virus 4313 4007 0.285@ | 185 | 0.727 |33,200,000' 
References: 


(1) Gallop, P.M., Arch. Biochem. Biophys. 54, 501 (1955) 

(2) Polson, P., Kolloid-Z., 38, 51 (1939) 

(3) Mean value obtained by a number of different observers in Uppsala. 
(4) Svedverg, T., and Sjégren, B., 7. Am. Chem. Soé., 50, 525 (1928) 

(5) Lamm. O., and Polson, A., Bicchem. J. 30, 528 (1936) 

(6) Kekwick, R. A., Biochem. F., 32, 552 (1938) 

(7) Svedberg, T., and Sjégren, B., J. Am. Chem. Soc., 50, 3318 (1928) 

(8) Pedersen, K. O., Biochem. F., 30, 961 (1936) 

(9) Lauffer, M. A., 7. Am. Chem. Scc., 66, 1188 (1944) 


PHYSICO-CHEMICAL STUDIES ON TAKA-AMYLASE A. II 801 


It is known (J0) that the observed partial specific volumes obtained 
by density measurements are in good agreement with those calculated 
by the following equation (4) with many proteins as shown in Table 
Yit, 

a= Lio; Dw; (4) 


Taste III* 
Partial Secific Volumes of Proteins 


Specific volume 


Specific vol- 3 
Protein ume observed eae Sees 
(milg.) acid composition 
= = | (ml/g.) 
Silk fibroin (suspended in H,O) 0.701 0.689 
Ribonuclease | .709 .703 
Wool (suspended in H,O) 716 NC 
Lysozyme | 722 Aly 
Fibrinogen (human) | 725 723 
a-Casein | 728 io 
Chymotrypsinogen ah 134 
Serum albumin (bovine) .734 734 
Casein (unfractionated) | 731 731 
Insulin (Zn) 130 124 
p-glyceraldehyde phosphate dehydrogenase | ol ofl ars) 
Aldolase -740 743 
B-Casein 741 .743 
Ovalbumin | 745 738 
Hemoglobin (horse) | 749 | 741 
g-Lactoglobulin | 751 746 
Butulinus toxin | Wes: 736 
Gelatin 682 707 
Edestin | 744 ALS 


* taken from McMeekin, T. L., and Marshall, K., Science, 116, 142 (1952) 


where 2 is the partial specific volume of the protein, v; the specific volume 
and w; its weight percent of the i-th species of amino acid residue in the 
protein. This agreement suggests that the effect of electrostriction is 
compensated by another factor. It seems most likely that this is a steric 
effect, which makes a small volume, an unoccupied space, inaccessible 
to solvent, due to the manner of the folding and packing of the peptide 
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TaBLeE IV 


Partial Specific Volume of Taka-amylase A calculated from the Specific 
Volumes of Constituent Amino Acid and Carbohydrate Residues 


Percent by weight") 
of amino acid and 


Specific volume of?) 
amino acid and car- 


carbohydrate residue bohydrate Tee 
Ww; oy 

Leucine ells 0.90 6.45 
Isoleucine 4.49 90 4.04 
Phenylalanine 3.78 ad, Ps) | 
Tyrosine 8.60 ff! 6.11 
Valine 3.97 -86 3.41 
Methionine 1.94 fe) 1.46 
Alanine 5.43 4 4.02 
Glutamic acid 6.10 .66 4.03 
Threonine 9.08 .70 6.36 
Aspartic acid 4.18 -60 Zot 
Asparagine 10.08 62 6.25 
Serine 3.37 63 3.38 
Glycine 5.01 .64 3.2 
Arginine 2.45 70 b.72 
Lysine oS 82 4.26 
Hystidine 1.78 67 1.19 
Cystine (+ cystein) 37 63 0.86 
Tryptophan 3.60 | 74 2.66 
Proline 302 .76 2.68 
Total 93.11 67.51 
Mannose 2.45 (8 moles) .66 1.62 
Xylose 0.25 (1 mole) 67 0.17 
Hexosamine 0.61 (2 moles) 68 0.41 
Total 96.42 | | 69s71 


| 
Partial specific volume 0—=}}v;w;/>}wj—=69.71/96.42—0.723 ml./g. 


Ifit is assumed that the carbohydrates do not contribute to the mole- 
cular volume but only to the weight, 


(1) 


0=67.51/96.42—0.700 ml./g. 
The data of the amino acid composition of Taka-amylase A is 
taken from Akabori, S., Ikenaka, T., Hanafusa, H., and Okada, Y., Hs 
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chains (//). 

The partial specific volume of Taka-amylase A was found experi- 
mentally to be 0.700 ml./g. (1), whereas the volume calculated by Equa- 
tion (4) was 0.723 ml./g. as shown in Table IV. The difference between 
the observed and the calculated values is fairly marked and beyond the 
experimental error. 

Taka-amylase A contains carbohydrates such as 8 moles of mannose, 
1 mole of xylose and 2 moles of hexosamine as prosthetic groups (12). 
If these sugars occupy the interstices between polypeptide helices in the 
protein molecule as in the case of heme in cytochrome c molecule (/3), 
they contribute only to the weight of the protein but not to the total 
volume. Accordingly, the partial specific volume may be calculated 
by dividing the sum of the volumes of the constituent amino acid residues, 
Div;w;, by the total weight including the prosthetic groups, Xiw,; The 
calculated value of the partial specific volume is 0.700 ml./g. and co- 
incides completely with the experimental value. It seems likely that the 
occupation of the interstices by sugar molecules suppresses the accessibility 
of hydration sites inside the molecule to water and the swelling of the 
protein molecule. 

Although hydroxyl groups of sugar molecules cannot occupy all of 
the hydration sites of the interstices between polypeptide helices of the 
molecule since the content of sugars is only three percent in weight, the 
inference such as mentioned above matches with the view that Taka- 
amylase A has a compact structure and is scarcely hydrated. 


With egg albumin which also contains sugar as a prosthetic group, both the ob- 
served and the calculated partial specific volumes are nearly equal to each other, as 
shown in Table III. According to Porter (/#), sugar combines at the amino end of 
the polypeptide chain in this protein. It may exist outside the molecule and con- 


Biochem., 41, 803 (1954) and that of the carbohydrate components from 
Hanafusa, H., Ikenaka, T., and Akabori, S., 7. Biochem., 42, 55 (1955). 

(2) The specific volume values of the amino acid residues are the 
values given by Cohn, E. J., and Edsall, J. T., Proteins, Amino Acids and 
Peptides, Reinhold, New York, pp. 370 (1943) excepting that of cystine. 
0.63 was used for the volume of cystine residue (McMeekin, T. L., 
Groves, M. L., and Hipp, N. J., 7. Am. Chem. Soc., 71, 3298 (1949)) 
instead of 0.61, as given in Cohn and Edsall. 

The specific volume values of the carbohydrate residues were cal- 
culated as the sum of the volume increments for the constituent atoms 
and groups (Cohn, E. J., and Edsall, J. T., Proteins, Amino Acids and 
Peptides, Reinhold, New York, pp. 157 (1943)). 
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tribute to both the volume and the weight of the protein. 


Generally, it has been vaguely accepted that the hydration of protein 
molecule occurs on the surface of globular protein molecules. It is sup- 
posed, however, that some of the hydration sites are in intramolecular 
interstices. When the molecule is rigid and compact, and some of the 
interstices are occupied by prosthetic groups, the hydration may be 
suppressed considerably. This may be the case of Taka-amylase A 
molecule. 


SUMMARY 


1. The hydrodynamically effective volume, V,, of Taka-amylase A 
was calculated according to the treatment of Scheraga and Mandel- 
kern. It was found to be nearly equal to Mz/N, the anhydrous volume 
of the protein. 

2. The hydrodynamically effective volume, V,, of some other pro- 
teins were also calculated and compared with M3/N values of the respec- 
tive proteins. V, is far less than Mo/N with flexible and hydrated protein, 
whereas both volumes are nearly equal with rigid anhydrous protein. 

3. The observed partial specific volume by density measurement 
of Taka-amylase A is 0.700 ml./g. and markedly less than the calculated 
value of 0.723 ml./g. by the Cohn-Edsall method. The deviation 
may be caused by the occurrence of prosthetic sugar groups in the inter- 
stices between polypeptide helices in the molecule without any contribu- 
tion to the molecular volume. 

These facts mentioned above support the view that Taka-amylase A 
molecule may be rigid and compact and scarcely hydrated. 


In conclusion, the authors express their hearty thanks to Prof. S. Akabori and 
Mr. T. Ikenaka for supplying the valuable sample. The authors are also indebted 
to the Ministry of Education for a grant. 
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PROLINE OXIDIZING ENZYME SYSTEM IN A HALO- 
PHILIC BACTERIUM No. 101 


By ISAMU SHIIO* 
(From the Institute of Applied Microbiology, University of Tokyo, Tokyo) 
(Received for publication, June 11, 1957) 


Few reports are available on the enzymochemical studies of the 
halotolerant and halophilic bacteria, although they represent a most 
interesting ecological group of organisms and are of some importance in 
food industries (1, 2). Ina series of studies on the enzyme systems respon- 
sible for the glutamic acid metabolism in these bacteria, the author 
previously reported on the transaminase system in a halophilic bacterium 
No. 101 isolated from salt whales (3, #4). This paper describes some 
results obtained in regard to the oxidative enzyme systems, especially the 
metabolic pathways of proline, in this bacterium. 


METHODS 


Preparation of Cell Suspension~—Halophilic Pseudomonas strain No. 101 was grown on 
a shaker at 30° in 500 ml. flasks containing 100 ml. of medium with the following com- 
position : Ajinomoto’s “* Mieki”’ (solution of amino acid mixture prepared from HCl- 
hydrolysate of soybean meal, 20 g. of nitrogen per liter), 10 per cent ; NaCl, 10 per 
cent ; pH 7.2. After 48 hours the cells were harvested by centrifugation, washed 
twice with 10 per cent saline, and suspended in 10 per cent saline. 

Test for Oxidizing Activity—Reaction mixtures for testing oxidizing activity usually 
contained 0.2—0.3 ml. of the cell suspension, 10 wm of substrate and 1 mm of NaCl in 
a final volume of | ml. of 0.1 M phosphate or veronal buffer, pH 7.0. The uptake of 
oxygen was determined manometrically at 30°. 

Determination of Proline—Proline was determined by the photometric method of 
F. P. Chinard (5). After removing the cells by centrifugation or addition of 0.1 
volume of 25 per cent trichloracetic acid, 1 ml. of the reaction mixture to be analyzed 
was mixed with 1 ml. of glacial acetic acid and | ml. of the reagent solution (25 mg. of 
ninhydrin dissolved in 1 ml. of the mixture of 6 M phosphaoric cid and glacial acetic 
acid (4:6)). After heating at 100° for 60 minutes followed by cooling to room tem- 
perature, the reaction mixture was filled up to 5 ml. with glacial acetic acid. The 
optical densities were estimated at 515 my. 


* Present address : Ajinomoto Co., Inc., General Research Laboratory, Suzuki- 
cho Kawasaki, Kanagawa Prefecture. 
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Determination of Glutamic -Semialdehyde—To 1 ml. of the solution to be analyzed, 
which contained 1-10 ym of glutamic y-semialdehyde, were added 1 ml. of 0.1 M phos- 
phate buffer pH 7.0 and 1 ml. of 0.015 M o-aminobenzaldehyde (synthesized from o- 
nitrobenzaldehyde (6), m.p. 37-8°). After filling up to 5 ml. with water and standing 
for 10 minutes, the optical densities were estimated at 435 mp against the reagent 
blank (Fig. 1). The standard curve was fairly a straight line. 

Determination of Glutamic Acid—Glutamic acid was determined manometrically by 
decarboxylation with specific L-glutamic decarboxylase of E. coli Crookes strain (4). 


Determination of Bisulfite Binding Compounds—Bisulfite binding compounds were de- 
termined iodometrically by the method of Clift and Cook (7). 


4 
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440. 450 
WAVE LENGTH se 
Fic. 1. Absorption curve of glutamic y-semialdehyde-o-amino- 
benzaldehyde color reaction at pH 7.0. 
—e-—e-— glutamic y-semialdehyde+o-aminobenzaldehyde ; -- - - 
o-aminobenzaldehyde ; —-— difference between above two curves. 


Paper Chromatographic and Autoradiographic Detection of the Proline Metabolites—After 


removing the cells by centrifugation and acidifying with 3 N HCl, reaction mixtures 
were dried up in a vacuum desiccator and then extracted with warm 95 per cent ethanol. 
This ethanol extracts were dried up in vacuo, dissolved in a small quantity of water, and 
spotted on a Toyo No. 51 filterpaper sheet to be developed by a mixture of either n- 
butanol-acetic acid-water (4: 1:1) or phenol-water (10:2 v/v) in the presence of 


0.1 per cent NH;. The chromatograms were detected by spraying 0.1 per cent nin- 
hydrin in butanol saturated with water. 


For the detection of radioisotopic substances, 
the autoradiograms were obtained by contacting the paper with X-ray film for 2—4 
days. 
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Isotopic Proline—The uniformly labeled C1*--proline was used in this study which 
was separated by ion exchange chromatography from the protein hydrolysate of Chlorella 
ellipsoidae cultivated with CO, in the author’s laboratory (8, 9). The purity of this 
preparation was confirmed by paper chromatography. 

DL-Glutamic y-Semialdehyde—pu-Glutamic y-semialdehyde was obtained from its 
dimethy! acetal (217-8° decomp.) by heating the solution in 0.2 N acetic acid for a few 
minutes. 


RESULTS 


Effect of pH—The pH-activity curve for the oxidation of proline was 


100 


RELATIVE ACTIVITY 


5.0 6.0 7.0 8.0 9.0 
pH 

Fic. 2. Effect of pH on enzymatic activity of cell suspension for the 
oxidation of proline and glutamic acid. Reaction mixture contained 
30 wn of L-proline (-O-O-) or t-glutamic acid (~x—%x-) and 0.2 ml. of 
cell suspension and 6 per cent NaCl in a final volume of 3.0 ml. of 0.1 4 
phosphate buffer at pH as given in the figure. Oxygen uptake was 
observed manometrically at 30°. 


determined for comparison with that of glutamic acid. As shown in 
Fig. 2, the optimum pH was 7.5 and 8.0 for the oxidation of proline and 
glutamic acid respectively. 

Effect of NaCl Concentration—The sodium chloride concentration-ac- 
tivity curves were also determined for the oxidation of proline and 
glutamic acid (Fig. 3). The activity was varied more largely with the 
NaCl concentration for the oxidation of proline than for that of glutamic 
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acid, and showed clearly a optimum concentration around 5.5 per cent 


(w/w). 
Effect of Age of the Cultures—When cells were removed from growing a 
culture of this bacterium and tested for enzymic activity for the oxidation 


100 


RELATIVE ACTIVITY 
& 


s 10 15 & (%) 
Nec! CONC. 

Fic. 3. Effect of NaCl concentration on enzymatic activity of 
cell suspension for the oxidation of proline and glutamic acid. Reaction 
mixture contained 30 wm of L-proline (-O-O-) or t-glutamic acid 
(-x-—x-) and 0.2 ml. of cell suspension and NaCl as given in the figure 
in a final volume of 3.0 ml of 0.1 M phosphate buffer pH 7.0. Oxygen 
uptake was observed manometrically at 30°. 


(RABE Paw 


Effect of Age of the Cultures on the Oxidizing Activity of the Cells for 
Proline and Glutamic Acid 


Gunite tention: Oxidizing activity Qo, (N) 
Growth time culture medium = a 
L-Proline t-Glutamate Ratio 
(Ars.) 

24 700 59.2 42.0 0.71 
30 4,600 52.6 31.4 0.60 
38 6,550 39.1 28.6 0.73 
46 7,100 38.6 37.3 0.97 


of proline and glutamic acid, both activities and the activity ratio varied 
with the age of the culture as shown in Table I. If peptone-meat extract 
was used instead of the ‘‘ Mieki ”’ as culture medium (3), the cells showed 
lower activities for the oxidation of proline and glutamic acid after 30 
hours’ growth. 
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Inhabitors—It has been shown usually that proline is metabolized via 
glutamic acid im vive. When proline is oxidized under the conditions 
which cause the suppress of the oxidation of glutamate, the accumulation 
of glutamic acid would cocur. From this consideration the inhibition 
effect of various compounds were examined as shown in Table II. There 
are some reports indicating that FeCl,, MgSO,, CuSO, and Pb acetate 
exert no effect on glutamic dehydrogenase at the concentration of less 
than 2 x10- M per litre, Cu* inhibits at 10-5 M per litre, and Co# and 
Zn* have no effect for proline oxidase (10, 11). From Table II, NaAsOg, 


TaBLe II 


Effect of Various Substances Inhibitory to the Oxidation of Proline 
and Glutamic Acid 


Inhibitor Concn. O, uptake inhibition, per cent 
< 1054 M|litre Proline Glutamate 
NaAsO, 50 73 97 
5 22 67 
1 | 2) 0 
FeCl, 10 | 71 100 
5 | 5 48 
1 0 5 
ZnSO, 1 100 100 
0.5 44 69 
0.1 0 35 
NiSO, 10 86 : 
1 nae 
CdSO, 10 90 Be 
1 = 
CoSO, 10 3 51 
CuSO, 10 87 — 
BaCl, 10 — 14 
PCMB 5 94 — 


FeCl,, ZnSO, and CoSO, inhibit more strongly the glutamic acid oxida- 
tion than the proline oxidation. 

Accumulation of Glutamic Acid—When t-proline was oxidized by the 
cell suspension in the presence of various inhibitors, the accumulation of 
L-glutamate was demonstrated as shown in Table III. In the presence 
of 10-° M per litre of NaAsOy, the oxidation of proline resulted in the 
accumulation of glutamate and bisulfite binding compounds and the 
disappearance of proline and oxygen as shown in Table IV. As shown 
in the last column of the table the oxygen absorption was also calculated 
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on the assumption that the main part of the bisulfite binding compounds 
(B) was the primary oxidation product of proline and the main part of 
the oxidation products present in the system, except for glutamate and 
B, was the last oxidation products (E), which were obtained from proline 
by the maximum absorption of 5.6 atoms of oxygen in the other experi- 
ment. 

Glutamic -Semialdehyde as the Possible Direct Oxidation Product of Pro- 
line—In the presence of pt-glutamic y-semialdehyde as substrate the cell 
suspension did not absorbe oxygen undr the condition where the oxygen 
absorption by proline and glutamate could be seen (Table V). How- 


TasLe III 
Accumulation of Glutamic Acid during Proline Oxidation 
Inhibitor .-Glutamate found 
Exp. I FeCl, 5x 10-4 M/litre 0.02 «um/m. 
ZnSO, 5x 10? 0.44 
NaAsO, De 105° ee 
NaAsO, PS<lOs? 2.83 
Exp. II FeCl, 8x 10s4 0.35 
CoSO, 5x 10-4 1.05 
ZnSO, G>< LOR 0.61 
NaAsO, SUR 1.07 


Reaction mixture contained 30 um (Exp. I) or 10 um (Ex . II) of 
L-proline, 1 mm of NaCl, inhibitor as given in the table and cell suspen- 
sion in a final volume of | ml. of 0.03 M veronal buffer pH 7.0. After 
shaking at 30° for 3 hours, t-glutamic acid was determined. 


ever, the disappearance of the y-semialdehyde without concomitant 
evolution of CO, were shown in this case. On the other hand, glutamic 
y-semialdehyde was not detected paperchromatographically from the 
reaction mixtures of the proline oxidation (Table VI). Semicarbazide, 
hydroxylamine, phenylhydrazine, and 0o-aminobenzaldehyde were not 
effective as the possible trapping agents. In this paper chromatography 
the strongly ninhydrin positive spot (Ry value, 0.57 and 0.70-0.73, for the 
solvent A and B, respectively) except for glutamate was obtained and was 
largely different from glutamic y-semialdehyde in the Ry values. It was 
confirmed from the isotopic experiment that glutamic y-semialdehyde was 
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not the direct oxidation product of proline. Thus the uniformly C14- 
labeled proline was oxidized by the cells in the presence of a large quantity 
of glutamic y-semialdehyde and glutamate as trapping agents. If these 
were the oxidation products, these would be labeled after the oxidation 
reactions. As shown in the autoradiograms of Fig. 4, glutamic y-semi- 
aldehyde was not labeled and glutamic acid was labeled even in the pre- 
sence of glutamic y-semialdehyde. 


TaBLeE IV 
Proline Oxidation in the Presence of 10-* M litre of NaAsO, 

Reaction O, uptake Proline Glutamate |B-bompd.*| O, uptake 
time (observed) |found decreased found found (calc.) 
(hrs.) (u-atom/ml.) (um/ml.) (um/ml.) (um/ml.) (u-atom/ml.) 

0 0 9.75 — — = 0 

2 8.2, Ory 2ihs 13 0.46 8.6, 
4 16.2 5.6, 4.0, 22 1.16 eZ 
4 (no arsenite) 36.7 1.8, 7.85 0.7, 0.82 Ses 


* B-compd. : Bisulfite binding compounds. 
Other composition of reaction mixture was the same as given in 
Table III. 


TABLE V 


The Oxidizing Activities of Cell Suspension for Various Substances 


Substrate O, uptake («ul./3 hrs.) 
t-Proline 937 
pL-Glutamic 7-semialdehyde —5 
L-Glutamic acid 622 
DISCUSSION 


That proline is metabolized via glutamic acid in vivo was shown by 
the finding of stably bound deuterium as well as N* in glutamic acid 
isolated from the proteins of rat which has been fed doubly labelled 
t-proline (/2). Initial dehydrogenation of proline on either side of the 
ring nitrogen atom, followed by hydrolytic opening of the ring, would 
result in formation of either «-keto-d-aminovaleric acid or glutamic 
y-semialdehyde. ‘The alternative possibilities are indicated in Diagram 
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1. «-Keto-d-aminovaleric acid was isolated after the oxidation of L- 
proline by a kidney or liver L-amino acid oxidase preparation of Green, 
which was completely free of p-amino acid oxidase activity (13). The 
resulting «-keto-6-aminovaleric acid might undergo oxidative deamina- 
tion to the semialdehyde of «-ketoglutaric acid, then further oxidation 
to a-keto-glutaric acid, which secondarily, through transamination, 
would yield glutamic acid. Taggart and Krakaur found, on the 
other hand, that a preparation of washed insoluble particles from homo- 
genized rabbit kidney was capable of rapid and complete oxidation of 


TaBLeE VI 


The Ninhydrin Positive Spots on the Paperchromatogram of the Reaction 
Mixture for the Proline Oxidation 


Ry value of spots 
Sample 
n-Butanol-acetic acid-H,O (A) Phenol-H,O (B) 
1G O20 OS Ol 0.28, 0.70 
II. 0.11, 0.20, 0.41,* 0.57 0285" {01695 10:73 
(Y) (Y) 

Glutamic acid 0.20 0.28 
Proline 0.32 (Y) 0.88 (Y) 
Glutamic y-semi- 

aldehyde 0.43 0.81 
Semicarbazide O.11 (WY) 0.69 (Y) 


* These spots disappeared after 1 day. 

Sample I: After the oxidation of 10 um/ml. proline in 0.02 
phosphate buffer pH 7.0 and 1 M NaCl for 4 hours at 30°, the reaction 
mixtures were centrifuged. 

Sample II: Reaction mixture the same as I., except for the pre- 
sence of 0.01 M semicarbazide. 


proline under conditions which resulted in no disappearance of «-keto-6- 
aminovaleric acid, and under incomplete conditions accumulated a 
carbonyl compound which was presumably the semialdehyde of glutamic 
acid (14). In E. coli, N. crassa and T. utilis the major paths of proline 
synthesis have all been shown by the mutant studies and isotopic com- 
petition experiments to involve the same sequence ; glutamate, glutamic 
y-semialdehyde, 4’-pyrroline-5-carboxylate, proline. The semialdehyde 
was found to be in equilibrium with 4’-pyrroline-5-carboxylate (15-18). 
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07 


Fic. 4. Autoradiogram of Oxidation Pro- oe 
ducts of Proline. 

Reaction mixture I and II, contained 4x 
104 c.p.m. of radioactive L-proline, 0.1 ym of L- oS 
proline, 1 wm of t-glutamate, | wm of DL- Ry 
glutamic y-semialdehyde (only in II) and cell 04 
suspension in a final volume of | ml. of 0.02 
M phosphate buffer pH 7.0 and 1 M NaCl. ae 
After the reaction time of | hour at 30°, the 


reaction mixtures were centrifuged. The de- 
veloping solvent in paperchromatography was ed 
n-butanol-acetic acid-water (4:1: 1). 


0.1 


0.0 


Diacram | 


Alternative Possibilities in Oxidation of Proline 


CH,—CH, CH,—CH, CH,—CH, 
— | el 

CH CH-COOH CH, CH-COOH CH, C-COOH 

H 

CHO-CH,-CH,-CH-COOH NH,-CH,-CH,-CH,-CO-COOH 
| 
NH, Y 

Glutamic acid CHO-CH,-CH,-CO-COOH 
a-Ketoglutaric acid 


Glutamic acid 
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In the present study, halophilic bacterium No. 101 was capable of 
oxidizing L-proline and t-glutamic acid rapidly and accumulated L- 
glutamate in the former case, and not capable of oxidizing rL-glutamic 
y-semialdehyde under the same conditions. This latter result cannot 
be ascribed to the permeability of this semialdehyde in the cell membrane, 
because of the finding of the considerable disappearance of this semial- 
dehyde in the same time. p-Form of this semialdehyde might inhibit 
the enzymic oxidation of L-form. From the isotopic and paper-chromato- 
graphic experiments it is fairly clear that glutamic y-semialdehyde is not 
produced as the direct intermediate when t-proline is oxidized by the 
cell suspension of this bacterium under the above described conditions. 

In this bacterium proline would be oxidized via «-keto-d-amino- 
valeric acid, if proline were oxidized only through one of the two known 
different pathways (Diagram 1). 

Regarding the proline biosynthesis, only one path has been known: 
glutamate, glutamic y-semialdehyde, proline. If so, L-proline would 
be required for the growth of this bacterium. 

These suggestions would be confirmed by the further studies. 


SUMMARY 


1. Some properties of the L-proline oxidizing enzyme system of the 
cell suspension of a halophilic Pseudomonas strain No. 101 were studied. 

2. Accumulation of L-glutamic acid was shown during the oxida- 
tion of L-proline. 

3. Isotopic experiments and the oxidation test for glutamic y- 
semialdehyde showed that this aldehyde might not be the direct inter- 
mediate in the oxidation of L-proline by this bacterium. 


The author is indebted to Prof. S. Akabori for the helpful criticism and encourage- 
ment during the course of this work, to Prof. F. Egami, Nagoya University, for the gift 
of the bacterial strain, to Miss T. Wada for the gift of uniformly C!*-labeled L-proline, 
and to Mr. T. Okuda of the Laboratory for Protein Research of Osaka University for 
the gift of px-glutamic y-semialdehyde dimethylacetal. 
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METABOLISM OF v-GLUCOSAMINE 
Il. THE FORMATION OF GLUCOSAMINIC ACID* 


By YUJIRO IMANAGA 
(From the Department of Science, Nara Women’s University, Nara) 
(Received for publication, June 13, 1957) 


The study on anaerobic metabolism of glucosamine (GA) has 
achieved a remarkable development in these several years and the con- 
version of GA to fructose-6-phosphate (F-6-P) wa the preceding phos- 
phorylation was verified (J-5). ‘The present author considered a mechan- 
ism of the conversion as a sort of Lobry de Bruyn isomerization 
theory (6) and assumed the presence of a new enzyme “ phosphoglucosa- 
mine isomerase.” 

In the early period of the study of GA metabolism, Lutwak- 
Mann (7) reported that aminosugars are first converted by oxidation 
into an unknown product (not glucosaminic acid (GAA)) which then 
undergoes deamination in mammal-bodies and bacteria. With regard 
to the oxidative metabolic pathway, there have been some other reports 
(8-9), but it is still obscure. 

In this paper, the author describes the aerobic formation by Pseu- 
domonas fluorescence (Ps. fluor.) of GAA from GA, 

It has been reported by Imaizumi (J0) that GAA is decomposed 
by mammals and bacteria. 

The results presented in this paper show the presence of the aerobic 
degradation pathway of GA and the formation of GAA in normal meta- 
bolic patterns. 


EXPERIMENTAL 


All the materials and techniques except those described below were the same to 


those in the preceding paper (3). 


MATERIALS 


Standard GAA—Prepared from GA by oxidation with HgO (//). 


* Imanaga, Y., 7. Biochem., 44, 397 (1957) Letters to the Editors; Imanaga, 
Y., Sekiya, Y., Ogura, S., Mikami, M., and Matsushima, Y., reported at the 10th 
Annual Meeting of the Japanese Chemical Society (Tokyo University) in April (1957). 
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Ps. fluor.—Kindly supplied from Pref. Dr. M. Suda, Research Institute for Micro- 
bial Diseases, Osaka University, cultivated for two days at 25° and washed twice with 
distilled water. Cell-free extract was obtained by disintegration with silica sand. 


Analytical Methods 


Measurements of Gases Formed or Consumed—Warburg’s manometric techniques 
were used. In anaerobic studies, air was replaced with nitrogen. 

H,O,—To a test solution were added 5 ml. of 2 N H,SO,, 5 ml. of 1.5 M KI and 
1 drop of 1 per cent ammonium molybdate and after 3 minutes I, was titrated with 
0.01 N thiosulfate. 


RESULTS AND DISCUSSION 


(1) Comparative Studies of the Degradation of Sugars by Various Species 
of Bacteria—As shown in Table I, the amounts of O,-uptakes by three 
species of bacteria were similar except for GA. But, Ps. fluor. consumed 
only one gram atom of oxygen per mole of GA and could not decompose 
it anaerobically, whereas the other two decomposed it similarly as com- 
mon sugars both aerobically and anaerobically. These results show that 
there is a presence in Ps. fluor. of a different oxidative metabolic pathway 
of GA from the others (anaerobic degradation). 

(2) Reaction Products—As shown in Fig. 1, the amounts of O,-up- 
takes at pH 7,0 and 8,3 for a small amount of GA were equivalent to one 
gram atom and added GA disappeared almost completely. But, for a 
large amount of substrate, the amount of O,-uptake did not reach one 
gram atom and a considerable amount of GA remained. The pH drop- 
ped to about 5,2 indicating the formation of some acidic substance and 
on readjustment of pH to 7,0 the O,-uptake again started. Ps. fluor. 
could not decompose GA at pH 5,2. 

From Fig. 2, the formation of GAA was clear, though, in (A), spots 
were not clear similarly as those of the standard run. 

(3) Isolation of GAA—Scheme | shows the isolation procedure. 

The crystals thus obtained showed the same chromatographic be- 
havior with the authentic specimen (Ry=0,35 in (B)) and the good coin- 
cidence in nitrogen analysis (Found: 7,12 per cent, Theor.: 7,18 per 
cent, CgH,3O,N). 

(4) Stoichiometry of the Reaction—After one gram atom of oxygen per 
mole of GA was absorbed, the reaction mixture contained scarcely any 
GA, but there remained strong reducing power against Somogyi’s rea- 
gent. It was an unexpected fact that GAA reduced Somogyi’s rea- 
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gent quantitatively (Fig. 3). 

By combining this reducing reaction with Elson-Morgan’s color 
reaction and manometric measurements of O,-uptakes, the stoichiometry 
of the reaction was studied both in intact cell and in cell-free extract 


\ 


(Table IT). The results may be expressed in equation (1). 


Taste [ 
The Degradation of Sugars by Three Species of Bacteria 


Aerobic degradation 


Gram atoms of O,-uptake per mole of substrate 


Saesz a Species Soil bacteria* A. cloacea Ps. fivor. 
Pe Seed ae at 30°, pH 6.0 ate37°; pH-7.0 at 30°, pH 7.0 
Glucose - ) (@)e ca. 7-8 Caen 
Fructose : 6 | 8 ; 7-8 
Gluconic acid 5 vig 5 -_ . 6 
GA 5-6 (3)** , 7-8 (3% ] (o** 


Anaerobic degradation 


(1,2)** 
fenieos: H,+ ; 1,2 mole 
(1,5)** 
on H,+; 1,2 mole H,+ ; 0,7 mole Not degraded 


4/3 um or 8/3 wm of substrate and phosphate buffer of about M/2 


concentration were used. 
* Tsolated by the author and cultivated at 25°. This produced 


2,3-butyleneglycol similarly as A. cloacea (6) from GA. 
** ( ) indicates moles of CO, formed per mole of substrate. 
+ Probably hydrogen (formed per mole of substrate), being not 


absorbed by KOH. 


GA+1/2 O, + H,O —> GAA + H,O (1) 


Because of the co-existence of powerful catalase (Fig. 4), the O2-up- 
take of one gram atom per mole of GA in this reaction seems to be re- 
sulted from the secondary action of catalase according to equation (2) 


and (3). 
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GA du0, $210 CARS oe (2) 


—> 


OS-F 


GFAM ATOMS OF O2-UPTAKE/MOLE OF GA 


' Ae 
30 60 90 120 150 mins. 
TIME 

Fic. 1. Effect of pH on the degradation of GA by Ps. fluor. 

Conditions : all was carried in phosphate buffer. 

@ : 8/3 ym of GA and pH 7.0 (concentration of buffer, 0.042 M), 
@): 1mm of GA and pH 7.0 (concentration of buffer, 0.029 M7). At 
the point ( f), pH was re-adjusted to 7.0, @: 8/3 ym of GA and pH 
5.2 (concentration of buffer, 0.025 M), @: 8/3 pmof GAand pH 8.3 
(concentration of buffer, 0.042 M). 


— 
(A) 


4.03.0 2.01.0 R¥ 


ee ee ee ee ee ee ee oe eet 


3° Main 
8) Control 
( fe} Standard 
ray Standard 
+Main 


Fic. 2. Paperchromatograms of the reaction product. 

1 mm of GA (2.0 ml., adjusted to pH 7.0) was shaken with 37 ml. 
of washed cell suspension of Ps. fluor. in phosphate buffer (pH 7.0, final 
concentration: 0.145 M) using a large Warburg vessel for about 3 
hours at 30°. The amount of O,-uptake was one gram atom permole 
of GA and GA was almost completely consumed. After centrifuging 
cells, the supernatants were concentrated in vacuo. Ninhydrin was used 
as a developer. Moving phase system; (A): Phenol-water (4: 1), 
(B): ¢-Butanol-formic acid-water (3:1:1). The standard run is 
authentic GAA dissolved in phosphate buffer (pH 7.0). 
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0: Catalase HO ani ©; (3) 
GALI /20, 2H. O—= =e GAALH,O (1) 
SCHEME | 


Isolation Procedure of GAA 


Doubly combined supernatant of main experiment in Fig. 2. 
(Degradation of GA ,99%) 

added with Ba(OH), solution, until no precipitate was 
formed and centrifuged. Precipitate was washed with 
| water and combined to the supernatant. 


Barium phosphate Supernatant 
added with H-type of Amberite IRC-50, until 
pH of the solution dropped to 6,7, centrifuged, 
the resin was washed with water and com- 
| bined to the supernatant. 
Supernatant 
{ evaporated to dryness in vacuo. 
Residue 
recrystallized twice from water with charcoal 
{ decolorization. 
White crystals (GAA) 

150 mg. 


0,300+ 


yt) 


0.200; 


0.100 


OPTICAL DENSITY (500m 


fl fh 
0.5 1,0 LM 
GA OR GAA 


Fic. 3. Somogyi’s reaction* of GA and GAA 
* Carried out at 100° for 25 minutes. 
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TaBLE II 
Stoichiometry of the Reaction 


| GA added O,-uptake GA disappeared GAA formed 


(uM) (eM) (uM) (uM) 
Cell-free extract | 8,0 3,6 7,3 | 128 
Intact cell | 8,0 | 4,0 7,8 | 8,2 


8 wm (0.4 ml.) of GA was incubated at 30° with 3.4 ml. of intact 
cell suspension or cell-free extract (dialysed for about 15 hours) in phos- 
phate buffer (pH 7.0, final concentration: 0.025 M) in Warburg ves- 
sel with 0.2 ml. of 10 per cent KOH in a center well. After the O,- 
uptake ceased, cells or proteins precipitated with 0.5 ml. of 10 per cent 
metaphosphoric acid were centrifuged. The supernatants thus obtained 
were assayed as usual. 

* Identified chromatographically, also. 


40 50 mins 


TIME 


Fic. 4. Catalase activities of intact cell suspension and cell-free 
extract. 

Conditions : all the procedure was carried at 0°. 

@: 4ml. of about 0.22 per cent H,O, was mixed with 46 ml. of 
M/15 phosphate buffer (pH 7.0), then 0.1 ml. of crude extract was 
added. @ and @): 8.9ml. of phosphate buffer, 0.1 ml. of crude 
extract and 1.0 ml. of M/20 inhibitor (@ : Na,S, @: NaN 3) were 
mixed. After a while, 36 ml. of phosphate buffer and 4.0 ml. of H,O, 
were added. (Final concentration of inhibitor: 10-3 Dee EO LeowlEDy, 
1 ml. of cell suspension (2.66 mg. dry weight) was used in place of ex- 
tract. Each 5 ml. of above mixtures was assayed at time intervals. 
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If truly so, when the reaction (3) is neglected by some treatment, 
the O,-uptake will rise to one mole per mole of substrate and the reaction 
will become analogous to the conversion of glucose to gluconic acid 
by Notatin (12). Further studies are on progress. 

(5) Effect of Addition of Several Chemicals to the Dialysed Extract—The 
effect of several additions to dialysed or acid treated (precipitation at pH 
5.0) and dialysed extract were studied. FAD*, TPN*-+-Mgt+MB*, 
Mgt, Fett, EDTA*, POCMB*, NaF, DNP*, I.CH,-COOH, AsO,--- and 
AsO;-~- were all without effect. But, CN~ and NH,OH fairly suppres- 
sed and Cu* inhibited almost completely the O,-uptake at the concen- 
tration of 10° M. 

The effect of CN~ and NH,;,OH may be due to their reaction with 
the aldehydic group of GA and that of Cut due to the reaction with the 
enzyme. 


SUMMARY 


1. Intact cell of Ps. fluor. and cell-free extract of it were capable 
of converting GA to GAA according to the equation, 


GA 2s 1/2) Oy @H.O ==> CAA 4 HO 


2. From the reaction mixture by intact cell, GAA was isolated. 
3. CN- and NH,OH fairly and Cut almost completely inhibited 
the O,-uptake. 


The author takes liberty of expressing his thanks to Prof. Dr. S. Akaboriof Osaka 
Univ. and Prof. Dr. Y. Matsushima for their kind guidance, and also to misses Y. 
Sekiya, S. Ogura and M. Mikami for their assistance. 


REFERENCES 


(1) Leloir, L. F., and Cardini, C. E., Biochim. Biophys. Acta, 20, 33 (1956) 
(2) Imanaga, Y., J. Biochem., 44, 69 (1957) ; Imanaga, Y., Kusanagi, Y., Yama- 


* FAD (Flavinadeninedinucleotide) and 
TPN (Triphosphopyridinenucleotide) ; kindly supplied by Prof. Dr. K. 
Okunuki, Osaka Univ. 
MB (Methyleneblue) ; 
EDTA (Ethylenediamine tetraacetate) ; 
PCMB (f-Chloromercuribenzoate) ; 
DNP (2,4-Dinitrophenol). 


826 


Y. IMANAGA 


da, Y., Maeda, K., Abu, M., and Matsushima, Y., Reported at the Sympo- 
sium on Enzyme Chemistry (Tokyo Univ.), July (1956) 

Faulkner, P., and Quastel, J. H., Nature, 177, 1216 (1956) 

Comb, D. C., and Roseman, S., Biochim. Biophys. Acta, 21, 193 (1956) 
Yamaha, T., and Asahina, M., 7. Jap. Biochem. Soc., 28, 486 (1956) 
Matsushima, Y., Sci. Pap. Osaka Univ., No. 34 (1951) ;  Chemisches Zentralblatt, 
124, 1489 (1953) 

Lutwak-Mann, C., Biochem. J., 35, 610 (1941) 

Tadokoro, T., and Saito, T., 7. Agr. Chem. Soc. Japan, 18, 394, 1159 (1942) 
Rosenberg, A. J., Compt. rend., 226, 1751 (1948) 

Imaizumi, M., 7. Biochem., 26, 197 (1937) 

Pringsheim, H., and Ruschmann, G., Ber., 48, 681 (1915) 

Coulthard, C. E., Michaelis, R., Short, W. F., Slykes, G., Skirmshire, G. E. H., 
Standfast, A. F. B., Birkinshow, J. H., and Raistrick, H., Nature, 150, 634 
(1942) ; Biochem. F., 38, 24 (1945) 


The Journal of Biochemistry. Vol. 44, No. 12 1957 


QUANTITATIVE DETERMINATION OF THIAMINE 
PYROPHOSPHATE USING APOCARBOXYLASE 
AND ALCOHOL DEHYDROGENASE* 


By YOSHITO KAZIRO 


(From the Department of Biochemistry, Faculty of Medicine 
University of Tokyo, Tokyo) 


(Received for publication, July 2, 1957) 


The enzymic methods for the quantitative determination of TDP**, 
t.e., cocarboxylase, are based on its action as a cofactor for the enzyme 
carboxylase. The most commonly used procedure is to measure mano- 
metrically the carbon dioxide liberation from pyruvate after recom- 
bination of the apoenzyme with TDP. Under appropriate conditions, 
this quantity of carbon dioxide evolved may be used as the quantitative 
measure of the amount of TDP (J—5), but the difficulty associated with 
this procedure is due to the fact that free thiamine has sometimes a 
marked stimulatory effect on the action of TDP (2). Moreover, other 
substances, which might cause side reactions resulting in a non-specific 
evolution of carbon dioxide, might interfere in the determination. 

Holzer (6) described in 1953 a new assay method for carboxylase, 
in which the enzyme activity was estimated by determining acetaldehyde 
instead of carbon dioxide formed in the reaction (a). 

In the presence of ADH, as is shown in equation (b), this acetal- 
dehyde was reduced to alcohol by DPNH, the disappearance of which 
was followed spectrophotometrically at 340 mu. 


carboxylase 


CH,COCOOH A CH CHON 4. CO, (a) 
ADH 
CH,CHO+DPNH+H* —>+ CH,CH,OH + DPNt (b) 


The author tried to apply this assay method to the determination 


* This paper was presented at the 9th General Meeting of Japan Vitamin Society 
held in May 1957, at Osaka. 

** The following abbreviations are used : TDP for thiamine pyrophosphate, ADH 
for alcohol dehydrogenase, DPN or DPN* for diphosphopyridine nucleotide, DPNH 
for reduced DPN, KG for a-ketoglutarate, EDTA for ethylenediaminetetraacetic acid, 
and R-5-P for ribose-5-phosphate. 
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of TDP, so as to avoid the foregoing difficulties in the manometric me- 
thod. To the apocarboxylase prepared as described below, Mg ions, 
sodium pyruvate, DPNH, yeast ADH, and varying amounts of TDP 
were added, so that the above two reactions took place, in which the 
reaction (a) was always rate limiting, and the determination was made 
by estimating the rate of decrease in DPNH absorption at 340 mu. 
By this procedure, it has become possible to determine far minute 
quantities of TDP, and to eliminate other side reactions. Besides, the 
technique is very simple and the results are highly reproducible. 


METHOD 


Materials—Pyruvic acid was chemically synthesized from tartaric acid (7), and 
neutralized with NaOH by the method of Robertson (8). Standard TDP solution 
was freshly prepared by dissolving TDP, which was supplied from the Takeda Pharma- 
ceutical Industries, Ltd., Japan (Purity ; 91.2 per cent ionophoretically, 91 per cent 
enzymically). DPN, approximately 75 per cent pure, was obtained from the Sigma 
Chemical Company and was reduced chemically with dithionite (9). 


Enzymes—(A) Apocarboxylase solution : 

1) Purification of Carboxylase—Carboxylase was prepared by the method of Green 
et al. (10), and Ueharaet al. (11), modified as follows : 100 g. of dried baker’s yeast* 
was autolysed and extracted with 300 ml. of 0.1 M4 disodium phosphate at 37° for 
about 150 minutes with occasional stirring. After centrifugation the residue was washed 
with 300 ml. of 0.1 M disodium phosphate, the washings were combined with the original 
extract, and the total solution was filtered with suction through a large Buchner’s 
funnel employing 100 g. of Hyflo Super-Cel. The almost clear filtrate was obtained. 
The subsequent steps were carried out at 0°. To this filtrate 80 ml. of 0.5 M phos- 
phate buffer (pH 7.2) and 40 ml. of 1 M calcium acetate were added with mechanical 
stirring, and the resulting precipitate was removed by centrifugation. For every 100 ml. 
of the supernatant 35 g. of solid ammonium sulfate was added and this suspension was 
left overnight in a refrigerator at 0°. After centrifugation the precipitate was washed 
once with 200 ml. of ammonium sulfate solution (0.55 saturation, pH 6.0), and then 
suspended in 200 ml. of dilute ammonium sulfate solution (0.38 saturation, pH 6.0). 
The protein precipitating at this ammonium sulfate saturation was discarded after 
centrifugation. The proteins in the supernatant were precipitated by the further ad- 
dition of 24 g. of solid ammonium sulfate with stirring, and this mixture was left for 30 
minutes at 0° before centrifugation. The precipitated protein was then dissolved in 
50 ml. of 0.5 M citrate buffer (pH 6.0) and used as the carboxylase holoenzyme solu- 
tion. Stored at —4°, this preparation retained its activity for several weeks. 


* The fresh baker’s yeast was obtained from the Oriental Yeast Company (Japan) 
and dried in the usual manner. 
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2)  Spectrophotometric Assay of Enzyme Activity—During the purification, the enzyme 
activity was checked spectrophotometrically by the method of Holzer (6), modified 
as follows : the assay system contained in 3.5 ml. quartz cell ; 0.6 ml. of M/6 citrate 
buffer pH 6.0, 0.1 ml. of 0.5 per cent DPNH solution, 0.1 ml. of 1.5 M sodium pyruvate, 
0.1 ml. of yeast ADH (0.2 mg), and 2.0 ml. of distilled water. The reaction was started 
by the addition of 0.i ml. of the carboxylase preparation and the decrease in optical 
density at 340 my was measured spectrophotometrically. The amount of enzyme ad- 
ded to the assay system was chosen so that the rate of decrease in optical density might 
be 0.020 to 0.100 per minute. Protein determinations were carried out according to 
Warburg and Christian (J2) 

3) Preparation of Resolved Enzyme (10)—To the above carboxylase solution were 
added two volumes of chilled water and 4 volumes of ammoniacal ammonium sulfate 
solution (9 parts of saturated ammmonium sulfate to one part of conc. ammonia), pH 
was adjusted to 9.0 with conc. ammonia, and the solution was left overnight at 0°. The 
precipitate was collected by centrifugation at 3,000 r.p.m. for 30 minutes, and washed 
once with ammoniacal ammonium sulfate solution (0.52 saturation, pH 9.0), and finally 
dissolved in 50 ml. of 0.5 M citrate buffer, pH 6.0. The solution was centrifuged and 
adjusted to pH 6.0 with dilute H,SO,. This solution was almost colorless, and the 
apoenzyme was completely freed of the coenzyme. As described below, it was suf- 
ficiently pure for the purpose of TDP determination. The apoenzyme, frozen and 
stored at —4°, retained its activity for several months. 

(B) Alcohol Dehydrogenase : 

ADH was isolated and purified from baker’s yeast by the method of Racker (/3). 
A small residual carboxylase activity in the ADH preparation might be due to con- 
tamination with carboxylase and was eliminated simply by Norit treatment, adsorbing 
the TDP from alkaline solution of the enzyme preparation in the following manner : 
an ADH solution containing about 100 mg. of protein, was diluted to 20 ml. with 
distilled water, and was adjusted to pH 9.0 with conc. ammonia. About 100 mg. 
of Norit was added and the mixture was stirred for 10 minutes. The Norit was 
centrifuged off, and 36 g. of solid ammonium sulfate was added for every 100 ml. of 
the supernatant solution. After standing at 0° for 30 minutes, the mixture was cen- 
trifuged at 15,000 r.p.m. for 20 minutes at 0°. The precipitate was dissolved in 8 ml. 
of distilled water, and after centrifugation at 15,000 r.p.m. for 10 minutes in a refrigerated 
centrifuge, the supernatant was freed of carboxylase activity. Any floating material 
was removed by filtration and 2 ml. of saturated ammonium sulfate solution was added 
to the resulting clear solution. This suspension keeps for about 4 weeks at —4°. 

For the carboxylase assay system, this suspension was diluted five times so as to 
contain 0.2 mg. of protein in 0.1 ml. 


Procedure—The composition of the standard reaction mixture for quantitative deter- 
mination of TDP was as follows: citrate buffer 100 4m, pH6.0; DPNH, 0.5 mg. ; 
sodium pyruvate, 150 um ; carboxylase-free ADH, 0.2 mg. ; Mg ions, 120 wg. ; vary- 
ing amounts of TDP ; apocarboxylase, 0.42 mg. ; and distilled water to final volume 
of 3.0 ml. Apoenzyme, Mg ions and TDP were added in the order named and the 
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reaction mixture, except pyruvate, allowed to stand for 10 minutes at room temperature 
in order to recombine TDP with apoenzyme and Mg ions, then the reaction was started 
by the addition of pyruvate. When larger amounts of TDP (more than 60 mpg) were 
to be estimated, it could be proceeded alternatively in the following way ; apoenzyme, 
Mg ions and TDP were incubated in a test tube, and after the resynthesis of holocarboxy- 
lase had been completed, a suitable aliquot was transfered to the cell in which all the 
other components had been already placed. Decreaese in optical density at 340 mp 
was followed spectrophotometrically using a quartz cell with 1.0 cm. optical path, at 
17°. The readings were made against a blank which contained all the components 
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Fic. 1. Assay of carboxylase. Fic. 2. Standard curve for TDP de- 
The complete system contained : termination. The composition of the 
citrate buffer, 100 sm, pH 6.0; so- reaction mixture was as follows: citrate 


dium pyruvate, 150 um ; DPNH, 0.5 buffer, 100 «mM, pH 6.0 ; sodium pyru- 
mg.; carboxylase-free ADH, 0.2 vate, 150 um ; DPNH, 0.5 mg. ; carboxy- 
mg.; carboxylase preparation, 78 pg.; lase-free ADH, 0.2 mg.; Mg ions, 120 yg. ; 


and redistilled water to final volume apocarboxylase 0.42 mg.; varying amounts 
of 3.0ml. Reaction was started by of TDP, final volume 3.0 ml. 

the addition of carboxylase. —O— 

Complete system; —A— without py- 

ruvate; —%*— without carboxylate. 


except DPNH, and a control sample contained all the components except the substrate. 
The readings obtained with the complete system were always corrected by subtracting 
the readings in the control, but usually, when either pyruvate or TDP was omitted 
from this system, the reaction did not take place at all. 


RESULTS AND DISCUSSION 


Assay of Carboxylase Holoenzyme Preparation—The activity of 0.078 mg. 
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of holocarboxylase preparation, under the conditions described in 
“ Method”, is shown in Fig. 1. The decrease in optical density at 
340 mu proceeded at a constant rate after a short lag period. When 
either pyruvate or the enzyme was omitted from this system, the oxyda- 
tion of DPNH was not observed. 

Standard Curve—The standard curve is shown in Fig. 2. Under the 
standard conditions of the assay a linear proportionality was obtained 
between the rate of decrease in optical density at 340 mu and the amount 
of TDP added in a range of 5 to 60 mug. When TDP was omitted, the 
reaction did not occur. 

Time and Temperature—The reaction proceeds linearly with time, 
but at the end of the reaction, the velocity decreases gradually. When 
the reaction velocity is very small, it proceeds at a constant rate for 
about 20 minutes or more. The determination was made at 17° only 
from practical reasons, and the amount of 5myg. of TDP could be 
estimated at this rather low temperature. As yeast carboxylase is re- 
ported to be three times more active at 37° (15), the sensitivity could be 
increased by the use of a higher temperature. 

Effect of Buffer*—According to Green et al. (10), carboxylase is 
most active in citrate buffer at pH 6.0. It was also found in the present 
spectrophotometric assay procedure that the reaction rate in the citrate 
buffer was almost twice as large as that in the phosphate buffer of the 
same pH (Fig. 3). Kay et al. (5) reported that their carboxylase pre- 
paration showed a very low activity in phosphate buffer and the addition 
of cyanide, thiamine, or citrate markedly stimulated the carbon dioxide 
evolution in their system. They attributed this phenomenon to the 
protection of SH groups of the enzyme protein against some interfering 
substances, probably a trace of metals. To examine this possibility 
0.2 wm of EDTA was added to each of these two buffers. The reaction 
velocity was slightly increased but, the difference between these two 
buffers was still remarkable and therefore, the stimulatory effect of the 
citrate buffer seemed to be related to some anionic effect of citrate. 

Effect of Pyruvate Concentration—It was reported that the enzyme was 
saturated at about M/6 concentration of pyruvate and half saturated 
at 310-2 M (10). In the present spectrophotometric method, the 
effect of pyruvate concentration on the reaction velocity was examined 
and results similar to those of Green et al. (10) were obtained. Up to 


* In several of the following experiments, holocarboxylase preparation was used 
in place of apocarboxylase plus TDP and Mg ions. 
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0.05 M the rate of the reaction iargely depended upon the pyruvate 
concentration, but, above this, there was no more marked difference 
(Fig. 4). Therefore, the determination was carried out at (4/20 con- 
centration of pyruvate in the present study. 

Apocarboxylase—Most of the accepted methods employ alkali- 
washed yeast (etiozymase) (J-4), or somewhat purified apocarboxylase 
as the apoenzyme (5). However, these are not reliable sources of 
apoenzymes, since it is known these crude preparations are activated by 
the added thiamine (2). Besides, with some substances contained in 
tissue preparations, they have side reactions which could result in spurious 
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buffer M/50, pH 6.0. Other condi- centration as indicated. 
tions were the same as those in Fig. 1. 


evolution of carbon dioxide. Kay et al. (5), using a purified apocarb- 
oxylase prepared by their modification of the method of Green et al., 
still found that cyanide, thiamine, and other substances markedly stim- 
ulated the carbon dioxide evolution in their system for TDP determina- 
tion. It was therefore decided to prepare a more purified apoenzyme in 
the present study in order to produce a better assay system. 
Throughout the experiments 0.42 mg. of apocarboxylase, prepared 
by the purification procedure described under ‘“‘ Method”, was used. 
When this amount of enzyme was saturated with excess of TDP, it showed 
such a large activity that it was hardly measurable even after five fold 
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dilution. When the amount of apoenzyme was increased to 0.61 mg., 
the reaction proceeded almost at the same rate, as in the case with 0.42 
mg. of apoenzyme. 

Mg Ions—\20 ug. of Mg ions was used, this quantity being 220 times 
theoretical requirement for 0.42 mg. of apoenzyme. 

Yeast Alcohol Dehydrogenase—ADH was prepared according to 
Racker (13). After the first ammonium sulfate fractionation, a small 
residual carboxylase activity was eliminated as described under ‘‘ Me- 
thod ”’. 

The use of Norit for removing TDP by adsorption from alkaline 
solution was first introduced by Kay et al. (5) in their purification pro- 
cedure of apocarboxylase. This technique was found to be very useful 
in the present experiments to eliminate this residual carboxylase activity 
in the ADH preparation. After this treatment the enzyme showed a 
negligible activity of carboxylase. This technique was also used to pre- 
pare the resolved carboxylase, but in this case it was found that the 
method described above seemed to be more preferable to that of Kay 
et al., because of its better yield and its lesser extent of protein denatura- 
tion. In the case of ADH the enzyme protein might be inactivated when 
it was left overnight at pH 9.0 and the Norit treatment had the advantage 
of eliminating all the residual activity of carboxylase by only one treat- 
ment and of avoiding protein denaturation as far as possible. 

In each experiment, 0.2 mg. of this carboxylase-free ADH was used, 
this amount being fairly large excess, which was capable of oxidizing all 
the DPNH added almost instantaneously in the presence of acetaldehyde. 

Effect of Other Substances—Pyruvic carboxylase is known to act on 
a variety of organic acids containing a carbonyl group adjacent to a 
carboxyl group. Green ¢ al. (10) and Kobayasi (/4) made a 
comparative study on the rate of decarboxylation of various substrates 
by purified carboxylase and by crude yeast preparation, respectively. 

The present assay method is not adequate to examine the specificity 
of the carboxylase preparation, as it is composed of two enzyme systems. 
For example, when one substrate fails to oxidize DPNH in the present 
system, it may be due to the fact that either this substrate is not decarb- 
oxylated by carboxylase, or the resulting aldehyde does not participate in 
the oxidation of DPNH catalyzed by the ADH system. However, as 
far as the determination of TDP is concerned, this method has an ad- 
vantage because only those substances which could be decarboxylated 
by carboxylase and subsequently react with ADH system to oxidize 


834 Y. KAZIRO 


DPNH, could influence on the determination. 

When alkali-washed yeast is used as the apoenzyme source for 
manometric determination of TDP, thiamine, cyanide, glucose, and 
other substrates on the glycolytic pathway might cause spurious evolu- 
tion of carbon dioxide and thus make the accurate determination of 
TDP impossible. A number of procedures have been devised to avoid, 
inaccuracies associated with such difficulties. In the case of thiamine 
Westenbrink et al. (16, 17) have concluded that thiamine acts by 
inhibiting yeast phosphatase which dephosphorylates TDP, and Ochoa 
et al. (2) stated that it was therefore necessary to employ the apoenzyme 
activated by the excess of thiamine, in order to eliminate such stimulatory 
effect of thiamine. However, in these methods devised to determine 
the quantity of TDP in animal tissues which are known to contain ATP 
and other nucleoside polyphosphates in sufficient quantity to allow TDP 
synthesis from thiamine in the presence of thiaminokinase, it seems in- 
appropriate to include excess of thiamine. The addition of mono- 
iodoacetic acid was introduced by Blanchaer and Cohen (J8), to 
prevent the pyrophosphorylation of thiamine, and some also used this 
acid to inhibit the carbon dioxide evolution from glycolytic substrates. 
But as there are evidences that carboxylase activity depends on intact 
SH groups, it might be inhibited itself by the addition of monoiodoacetic 
acid. 

In the present study it was therefore decided to use a more purified 
apoenzyme preparation to avoid such side reactions. The results ob- 
tained with the apoenzyme purified by the author were as follows: 

(1) Thiamine: In spectrophotometric assay system, the addition 
of 20 wg. of thiamine hydrochloride resulted in a slight inhibition. No 
stimulatory effect of thiamine was observed. 

(2) Cyanide : As to the effect of cyanide, the present finding 
was entirely different from that reported by Kay et al. The oxidation 
of DPNH was completely inhibited in the presence of 3.3 10-3 M of 
cyanide, by which they found a marked stimulatory effect, and in a 
lower concentration (10° M), neither activation nor inhibition was 
observed. The inhibitory action of cyanide probably depends on its 
interaction with carbonyl group of pyruvate molecule or with aldehyde 
group of acetaldehyde formed, because, even when the reaction was in- 
hibited by the presence of cyanide in a high concentration, further addi- 


tion of acetaldehyde always caused the entire disappearance of the 
absorption of DPNH almost instantaneously. 


(3) Glucose and lactate: The effect of glucose and lactate was 
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investigated as the substrates of glycolytic pathway. At first, 150 UM 
of glucose was added to the system in the absence of pyruvate, but the 
optical density at 340 my remained unchanged unless supplemented 
with pyruvate. When both glucose and pyruvate were added to the 
system from the beginning of the reaction, it proceeded practically at the 
same rate as in the control cell, to which glucose was not added (Fig. 5). 
If carboxylase preparation was contaminated with lactic dehydro- 
genase system, it might oxidize lactate to pyruvate or reduce pyruvate 
to lactate, and thus might interfere in the determination of TDP. In 
order to test this possibility the effect of 150 um of sodium lactate was 
also investigated. The results were almost the same as those with 
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the same as those in Fig. 2. same as those in Fig. 2. 


glucose (Fig. 6). 

As for the lactic dehydrogenase system, yeast enzyme is reported to 
differ from muscle enzyme in being independent of pyridine nucleotide 
coenzyme. Therefore, there is no possibility that the determination 
might be interfered by coupled oxidation of DPNH with pyruvate, even 
when lactic dehydrogenase system was included in this enzyme prepara- 
tion. 

(4) Oxalacetate: This method is based on the measurement of 
DPNH oxidation by acetaldehyde in the presence of ADH. Consequent- 
ly, there is a possibility of interferance by substrates of other dehydro- 
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genase systems which require DPN as a coenzyme. ‘The effect of oxal- 
acetate was investigated under such consideration and also for studying 
substrate specificity of this system for «-keto acid, but, as shown in Fig. 7, 
oxalacetate was reduced by the residual malic dehydrogenase activity 
in ADH preparation with the concomitant oxidation of DPNH, before 
the addition of carboxylase. 

However, when TDP in animal tissues is determined, reaction mix- 
ture is preincubated for 10 minutes before the determination, in order to 
recombine the resolved enzyme with Mg ions and TDP. During this 
period, oxalacetate, which might be involved in tissue preparations, 
would be completely reduced by DPNH. Therefore, TDP can be 
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estimated without any interference, when the reaction mixture is supple- 
mented with proper amount of DPNH, previous to the addition of pyruv- 
ate to start the reaction. 

(5) a«-Ketoglutarate: 30 um of KG was added in the presence or 
in the absence of pyruvate to see whether it might participate in the 
assay system. However, KG did not oxidize DPNH in this system and 
had no effect on the reaction when pyruvate was also present. 

(6) R-5-P: The assay of enzyme transketolase which is recog- 
nized to require TDP for its activity, is also carried out spectrophoto- 
metrically. The principle of this method (19) is as follows: R-5-P ad- 
ded as substrate undergoes following five reaction sequences ((a) iso- 
merization of R-5-P to ribulose-5-P, (b) epimerization to xylulose-5-P, (c) 
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transketolation between xylulose-5-P and R-5-P to form sedoheptulose- 
7-P and glyceraldehyde-3-P, (d) isomerization of glyceraldehyde-3-P 
to dihydroxyacetone phosphate, and (e) reduction to «-glycerophos- 
phate), and in the last step catalyzed by «-glycerophosphate dehydroge- 
nase, dihydroxyacetone phosphate is reduced to «-glycerophosphate by 
DPNH, the disappearance of which is measured spectrophotometrically 
at 340 mu. 

The reaction (c) is catalyzed by the enzyme transketolase. In case 
the apocarboxylase is contaminated with the above five enzymes and, 
furthermore, a considerable amount of R-5-P is involved in tissue ex- 
tracts to be assayed for TDP, R-5-P might interfere with the apocarboxyl- 
ase system against TDP determination. These seem to be highly im- 
probable, yet, as this possibility could not be entirely excluded, the effect 
of the addition of R-5-P was investigated. The rate of the reaction was 
followed during a fairly long time, in the presence of 3.6 wm of R-5-P and 
it was proved to be inactive. 

(7) Acetaldehyde: Acetaldehyde is known as an effective in- 
hibitor of carboxylase (J, 10, 20). In fact, when manometric method 
was used, the rate of the enzyme reaction therefore decreased with time 
as the reaction product accumulated, but in the present system, it was 
immediately reduced to ethanol so that it could not exhibit any in- 
hibitory action. 

It may therefore be concluded that in the spectrophotometric me- 
thod with the purified apoenzyme, the substances investigated above do 
not interfere in the determination of TDP, except oxalacetate which is 
reduced to malate in this system. 


Note. Since this paper accepted for publication, the investigation of Holt e¢ al. 
(21) has been reported in which the determination of TDP was also made spectrophoto- 


metrically using ADH. 
SUMMARY 


1. A new spectrophotometric method suitable for determination 
of TDP is presented. 

2. The purification procedures of apocarboxylase and alcohol de- 
hydrogenase from baker’s yeast for this purpose are described. 

3. This method enables determination of 5 to 60 mug. of TDP at 
17°, and it is expected to be more sensitive when carried out at a higher 


temperature. 
4. The presence of glucose, lactate, R-5-P, and KG did not inter- 
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fere in the accurate determination of TDP by this method. 


Be 


Thiamine did not exhibit any stimulatory effect on the re- 


constracted carboxylase preparation employed in this experiment. 


The author wishes to express the heartful gratitude to Prof. N. Shimazono 


for his helpful advices and continuous encouragement. 
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It is well established that molecular hydrogen is a specific and com- 
petitive inhibitor of nitrogen fixation by Azotobacter and other aerobic 
fixers (1, 2, 3). As for the inhibitory effect of hydrogen on anaerobic 
nitrogen fixation, Rosenblum and Wilson (4) reported that the 
rate of fixation was not appreciably influenced by the presence of mole- 
cular hydrogen, although the total amount of fixed nitrogen was only 
slightly diminished. 

Several recent observations suggesting a certain common feature 
between aerobic and anaerobic nitrogen fixation have been reported. 
It was found (J, 6, 7) that nitrogen fixation by Clostridium was inhibited 
by a low concentration of carbon monoxide and by nitrous oxide, both 
of which had been previously known to be inhibitory for aerobic fixa- 
tion. Furthermore, observations with Clostridium (8) indicated a close 
relationship between hydrogenase and nitrogen fixation, a relation 
which has long been infered also to exist for Azotobacter and certain other 
bacteria (9). 

In view of these circumstances, a precise reinvestigation of the effect 
of hydrogen on the nitrogen fixation by Clostridium was undertaken. 
Since in using our bacterial strain a considerable inhibition by hydrogen 
was detected, a further attempt was made to determine the effect of 
various partial pressures of hydrogen and nitrogen on the rate of anaerobic 


nitrogen fixation. 
METHODS 


The strain of Clostridium (originally isolated from soil) *, procedures for its cultiva- 


* Tt has been recently found by one of the authors (S. Hino, working in the labor- 
atory of Prof. P. W. Wilson, University of Wisconsin U.S.A., at present) that the bac- 
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tion, and methods used for nitrogen determination were the same as those employed in 
the previous report (7). Nitrogen-free media containing M/20 phosphate buffer and 
1 per cent CaCO ; were used throughout the present study. 

Hydrogen gas was generated from hydrochloric acid and zinc metal and purified 
by passing through concentrated solution of KOH and saturated solution of KMnO,, 
alkaline pyrogallol and finally through heated copper granules in succession. Argon 
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Gas phase was filled with nitrogen to 
one atmosphere. Culture was shaken at 
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the medium. 


gas of more than 99.99 per cent purity was used without further purification*. 

In some of our experiments, particularly those for determination of the Michaelis 
constant, gas samples were analyzed for accurate composition of the initial gas mixture 
and for total amount of hydrogen liberated during the growth of culture. 


terium shows marked tolerance for oxygen in glucose nutrient broth. Although many 
properties of this strain coincide with those of the genus Clostridium, the strain would 
be placed in some other taxonomical positions, viz., in the genus Aerobacillus, or the 
like. 

* The authors are grateful for the Tokai Ryuan Kogyo Co. for kindly supplying 
the argon gas. 
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RESULTS 


Time Course of Nitrogen Iixation—Two or three different flasks filled 
with 100 per cent N, were taken out of the shaker every 4 hours and the 
amounts of nitrogen and pH were determined for the culture solution in 
each flask. Results obtained are presented in Figs. 1 and 2. While 
nitrogen was increasingly fixed, pH of the medium was gradually lowered 
(Fig. 1) and CO, and H, were liberated into the gas phase. In spite of 
the change in pH and the generation of gases (particularly of hydrogen), 
a fairly good linear relationship was obtained when the logarithm of the 
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nitrogen on nitrogen fixation by Clostridium. constant for nitrogen fixation by Clost- 
Argon was added to the gas phase to ridium. 

make the total pressure up to one atmos- k=2.303/10 log (total N at 16 hour/ 

phere. Culture was kept shaking for 16 initial N). 

hours at 30°. Initial pH 7.7, initial N 

32.2 yg./ml. 


total nitrogen* was plotted against time during the culture period from 
6 to 20 hours (Fig. 2). 
Effect of Partial Pressure of Nitrogen—The gas phase was filled with 
mixtures of various proportion of argon and nitrogen to one atmospheric 
pressure. In this experiment, the nitrogen content of the culture was 
analyzed only after 16 hours. As can be seen from Fig. 3, nitrogen 
fixation remained practically unaffected above 0.2 atmospheres of nitro- 
gen, then it decreased sharply as the partial pressure of nitrogen reached 


* “ Total nitrogen ” is the sum of initial (ca. 30 wg./ml.) and fixed nitrogen. 
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the lower region. Regardless of the difference in growth rate, the pH 
of the individual culture did not show any significant difference. 
Growth rate constant k was calculated by the formula 


k=2.303/10 log (final total N/initial N) 


on the assumption that the duration of lag was 6 hours*. When the 
reciprocal of k-value was plotted against the reciprocal of the partial 
pressure of nitrogen, a straight line was obtained, shown as an example 
in Fig. 4 which is one out of three experiments. From the slope and 
point of intercept of line, the Michaelis constant of the nitrogen 
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fixing reaction was estimated to be approximately 0.03 atm. according 
to the equation of Lineweaver and Burk (10). 

Inhibition by Molecular Hydrogen—According to previous workers (4), 
a slight inhibition of nitrogen fixation was detected in later stage of 
bacterial growth which led us to investigate the possibility that a distinct 
inhibition could be obtained when the pH of media was lowered previous 
to starting the experiment. When we adjusted the initial pH in two 


* Even though the actual lag period be changed because of variations in pre- 
culture conditions, the final calculation of Michaelis constant cannot be changed re- 
gardless of the length of actual lag period. 
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preliminary experiments to 6.5 and 5.9, respectively, we found about 


ApAusieis, It 


Effect of Various Partial Pressures of Nitrogen and Hydrogen on Nitrogen Fixation 
by Clostridium 
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* Culture hours: 17, 20, 23.5, 26, ** culture hours : 8.75, 12, 
16, *** culture hours: 10, 13, 16. 

Argon was added to the gas phase to make the total pressure up to 
one atmosphere. Culture was shaken at 30°. Initial pH 7.7. 


38 per cent (pH 6.5) and 44 per cent (pH 5.9) inhibition in the rate of 
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fixation under the gas mixture of 50 per cent N, and 50 per cent Hg. 
No appreciable inhibition of NH;-uptake by 100 per cent H; was ob- 
served. 

It was shown by further experiments that the rate of nitrogen fixa- 
tion is remarkably inhibited by hydrogen even when the initial pH is 
maintained at 7.7, whereas between 100 per cent argon and 100 per cent 
H, there is no significant difference in the rate of NH;-uptake (Fig. 5). 
It can be concluded, at least for our organism, that anaerobic nitrogen 
fixation is inhibited by molecular hydrogen in a specific manner. 

Type of Inhibition by Molecular Hydrogen—Measuring the rate of 
nitrogen fixation under a mixture of nitrogen and hydrogen in various 


Ho/ No 

Fic. 6. Competitive inhibition in Fic. 7. Evaluation of distribution 
nitrogen fixation by molecular hydro- coefficient between hydrogen and nitro- 
gen in Clostridium. gen in nitrogen fixation by Clostridium. 
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partial pressures, we sought the answer as to whether the inhibition by 
hydrogen is competitive or non-competitive. Samples of culture from 
three or four different flasks in the same condition of gas phase were 
analyzed at the end of 8, 12, and 16 hours, and the k-values were cal- 
culated from the slope of the line obtained by plotting log (total N) 
against time (Table I). In evaluating the k-values, especially we had 
to take care of small fluctuation in lengths of growth phases which can 
cause considerable errors of estimates for the slopes of logarithmic growth 
curves. ‘The type of inhibition was examined by analyzing the results 
in the following two equations (//), 
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where (S) and (J) are the concentrations of substrate (N2) and inhibitor 
(Hz) ; A; and Kj are, respectively, the Michaelis constant and dis- 
sociation constant of enzyme-inhibitor complex ; k and k; are the velocity 
in absence and presence, respectively, of inhibitor at a particular sub- 
strate concentration. 

The slopes of the lines obtained when k/k; calculated from the 
data in Table I was plotted against (Hz) are unequivocally dependent 
on different values of (Nz) as shown in Fig. 6, indicating the inhibition 
is competitive. 

In order to calculate the distribution coefficient K/Ki, (k —k;)/k; 
was plotted against (H;)/(Nz) as shown in Fig. 7. In spite of some 
inevitable uncertainty in determining k- and kj-values, the proportion- 
ality appeared to hold fairly good, coincidently with the assumption of 
competitive inhibition. The coefficient was obtained from the slope 
of the line, and taking the value of A; as 0.03 atm., the approximate 
value of K; was estimated as 0.1 atm. 


DISCUSSION 


In contrast to the certainty in kinetical studies with purified enzyme 
preparations, in studies of organisms in growing state some uncertainty 
is involved in the evaluation of such values as velocity constant or dis- 
sociation constant in a particular enzyme reaction. Among the factors 
which might affect the evaluation of constants in the present study, 
metabolic hydrogen produced from carbohydrate may have some im- 
portance. Inourculture condition, about 0.1 atm. of metabolic hydrogen 
was accumulated in the gas phase during a bacterial growth of about 
16 hours when the partial pressure of nitrogen was between 0.2 and 
1.0 atm. It is likely that the inhibition by this metabolic hydrogen is 
significant when the partial pressure of nitrogen is low. ‘The net result 
could be such that the obtained value of the Michaelis constant would 
be a little higher than the true value. This effect of hydrogen, along 
with some other inaccuracies in evaluating the k-value of the fixation, 
gives only an approximate value of Kyp. 

The Michaelis constant and the Ky, values for aerobic nitrogen 
fixation have been estimated by the elaborate works of Wilson and 
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his colleagues. The reported values of Knz are 0.02 atm. for Azotobacter 
(12), 0.05 atm. for symbiotic system (J), and 0.02 atm. for Nostoc (3). 
The nature of observed hydrogen inhibition is competitive and the 
values of Kp are 0.11 atm. for Azotobacter (2), and 0.15 atm. for symbiotic 
system (J). Even taking into consideration that there is some uncertainty 
in our estiamation, the observed values of 0.03 atm. as the Michaelis 
constant and 0.1 atm. as Ky, in the present study closely approximate 
those obtained for the aerobic fixation. These calculated results and the 
competitive nature of hydrogen inhibition, together with the reported 
inhibition by carbon monoxide and nitrous oxide (5, 6, 7), indicate a 
striking similarity between the mechanism of aerobic and anaerobic 
fixation. 

The situation, however, still remains somewhat complicated in view 
of the study reported by Rosenblum and Wilson (4). With Clostri- 
dium pasteurtanum W5 as a test organism and under an atmosphere of 
0.2 atm. Nz plus 0.6 atm. Hg, they could detect no significant inhibition 
in the rate of nitrogen fixation and only 10-20 per cent decrease in the 
total amount of nitrogen. These results differ remarkably from our 
observations obtained with a similar gas mixture as is apparent from the 
results presented in Fig. 5. Further investigation is needed to reveal 
the cause of these apparently contradictory experimental results. 


SUMMARY 


1. Using a strain of Clostridium originally isolated from soil, the 
effect of partial pressure of nitrogen as substrate and hydrogen as in- 
hibitor on the process of anaerobic nitrogen fixation was studied. 

2. The rate of nitrogen fixation decreased in the presence of mole- 
cular hydrogen and the inhibition was found to be of competitive nature. 
No inhibition of ammonia-uptake by hydrogen was observed. 

3. The Michaelis constant of the anaerobic nitregen fixation 
was estimated to be about 0.03 atmosphere and the apparent dissociation 
constant of hydrogen-enzyme complex was found to be approximately 
0.1 atmosphere. Both values are almost the same as those obtained by 
previous workers in aerobic nitrogen fixation. 


For gas analysis in this work thanks are due to Assist. Prof. T. Koyama and Miss 
H. Tanaka of the Chemical Institute, Faculty of Science, Nagoya University. This 
work is supported in part by Grant in Aid for Scientific Research from the Ministry of 
Education. 
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ON THE FORMATION OF GENTISIC ACID. II 


By YUKIYA SAKAMOTO, KENKICHI NAKAMURA, KANJI INA- 
MORI, SHIGEHIKO IKEDA anp KATASHI ICHIHARA 


(From the Biochemical Department, Medical School, Osaka University, 
Osaka) 


(Received for publication, July 22, 1957) 


Gentisic acid was recently found to be formed from homogentisic 
acid by the liver extract of rabbit in the presence of nitroso-R salt (J). 
Furthermore this compound was excreted in the urine of the rabbit 
receiving tyrosine orally, when nitroso-R salt was injected subcutaneously 
at the same time (1). Since ferrous ion is indispensable for the enzymatic 
degradation of homogentisic acid to fumarylacetoacetic acid (2), these 
facts suggest that nitroso-R salt would remove ferrous ion, resulting in 
the shift of the normal pathway of homogentisic acid. 

In this paper data on the excretion of homogentisic acid in the urine 
of a hereditary and experimental alcaptonuria are presented. For this 
purpose a differential determination of gentisic acid and homogentisic 
acid was accomplished. 


EXPERIMENTALS AND RESULTS 
I. Estimation of Gentisic Acid in the Urine 


The urines of guinea pig were collected for 24 hours in bottles 
which contained 2 ml. of 20 per cent H,SO, to keep the urines acid and 
filtered. The filtrate was extracted with ether and the etherial layer 
was evaporated to a volume of about 20ml. To the concentrated 
ether extract 10 ml. of 14/2 phosphate buffer (pH 7.2) was added and 
shaken. The layer of phosphate buffer was acidified by the addition 
of 1 ml. of 20 per cent H,SO, and extracted with butylacetate saturated 
with water. Then the butylacetate extract was used for the fluorometric 
estimation (Photovolt) of gentisic acid. 50mg of gentisic acid was 
dissolved in 20 ml. of butylacetate saturated with water and its ultra- 
violet absorption curve was taken. Since gentisic acid has the maximal 
absorption at 340 mu, B-Hg-1 (360 mz) was used as the primary filter 
(Fig. 1) and from the data shown in Table I, B-470 was used as the 
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secondary filter for the fluorometry (Photovolt). 

Recovery of Gentisic Acid—Various amounts of gentisic acid dissolved 
in 20 ml. of normal urine or distilled water were treated as described 
above. The both butylacetate extracts were estimated fluorometrically 
and the values obtained were compared with those from the solutions 


0.4 


0.3 


OPTICAL DENSITY 


gp less Site pe te 
260 300 340 380 mu 
WAVE LENGTH 


Fic. 1. Ultraviolet absorption spectra of gentisic acid (12 ug. per 
ml.) in butylacetate saturated with water. 


TABLE I[ 


Interrelation between Filter of Fluorometer and Degree of Fluorescence 
of Gentisic Acid 


Filter ee Degree of fluorescence 
N -440 410-480 3000 
B -470 410-580 5020 
M-490 480-515 880 


50 wg. of gentisic acid in 20 ml. of butylacetate, saturated with 
water. B-Hg-1 as primary filter. 


containing the same amounts of gentisic acid, dissolved in 20 ml. of 
butylacetate saturated with water. As shown in Fig. 2, 92 per cent of 
the added gentisic acid was recovered. 

Determination of Gentisic Acid and Homogentisic Acid—Since homogentisic 
acid has no fluorescence, gentisic acid can be easily differentiated fluoro- 
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metrically from homogentisic acid. On the contrary very little gentisic 
acid is formed under the following conditions as compared with homo- 
gentisic acid. Therefore, though both compounds give positive Bri ge’s 
reaction (3), the values obtained by this method (3) can be regarded as 
these of homogentisic acid. 


II, Excretion of Gentisic Acid in the Urine of a Hereditary 
and Experimental Alcaptonuria 


A Hereditary Alcaptonuria—Urine of an alcaptonuria, who excretes 
more than 7 g. of homogentisic acid every day, was collected. Kapp 
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Fic. 2. Recovery ratio of gentisic acid. 
(1) Gentistic acid dissolved in 20 ml. of butylacetate. 
(2) Gentisic acid was added to 20 ml. of urine, then extracted with 
20 ml. of butylacetate. 
(3) Gentisic acid was added to 20 ml. of distilled water, then extracted 
with 20 ml. of butylacetate. 


et al. (4) have demonstrated that salicylic acid was converted to gentisic 
acid, consequently the administration of salicylic acid preparations were 
prohibited strictly. The urine during 24 hours was extracted with a 
same volume of ether and the ether was evaporated on a water bath to 
a sirup. The residue was dissolved in 5 ml. of distilled water, and then 
saturated lead acetate solution was added until no more precipitate was 
formed. The mixture was kept in a refrigerator overnight, then the 
precipitate was gathered and dissolved in a small amount of water. 25 
per cent H,SO, was added to the solution until no more white precipitate 
appeared. The formed precipitate was removed, and the supernatant 
fluid was extracted with the same volume of ether. The ether was 
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evaporated and the resulting sirup was dissolved in 0.2 ml. of water and 
subjected to the paperchromatography with the following two kinds of 
solvent systems; isopropanol-ammonia-water (8:1:1) system and 
butanol-acetic acid-water (4:1:5) system. Gentisic acid was detected by 
its fluorescence and its reduction by ammonia-alkaline AgNO3, homo- 
gentisic acid by its reduction reaction. 

As shown in Fig. 3, gentisic acid was demonstrated to be excreted 
in the urine of the hereditary alcaptonuria. These experiments were 
repeated five times and the occurrence of gentisic acid was confirmed in 
all samples without exception. 

The spot corresponding to gentisic acid on the paperchromatogram 
was cut off and eluted from paper with butylacetate. Gentisic acid was 


Rr (b) 


Rr 
--0.88 Solvent system 


(a) 


Solvent system 


isopropanol 0.68 ‘V°75 butanol 4 
NH,OH acetic acid 1 
water 5 


water 


— 4-40.05 
HGA. GA. URINE HGA. GA. URINE 


Frc. 3. Ascending paperchromatogram of the urine of the alcap- 
tonuric patient. HGA.: homogentisic acid, GA.: gentisic acid. 


confirmed from its characteristic spectrum, which has the absorption 
maximum at 340 mu. 

Gentisic acid in the urine of the alcaptonuria was determined by 
the method described above and shown to be excreted by 0.5-0.6 mg. in 
a day. When 2g. of tyrosine was administered orally to the alcapto- 
nuria, the excretion of gentisic acid increased a little but in the urine of 
normal individual neither gentisic acid nor homogentisic acid was detected 
after the same treatment. 

Experimental Alcaptonuria—Guinea pigs, weighing 200-250 g., were 
fed on a following diet (Table II) supplemented with fresh vegetables 
for few weeks and the animals growing normally (300-350 g.) were 
selected to use for the experiment. 

The urine was collected in a bottle, to which 2 ml. of 20 per cent 
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H,SO, was added previously and homogentisic acid and gentisic acid 
excreted in the urine during 24 hours were determined daily as described 
above. 

As shown in Fig. 4, the excretion of homogentisic acid commenced 
after 8 days on a scorbutic diet, and reached a maximum value on the 


13th day, then decreased day by day until no more excretion occurred 
on the 20th day. 


TasLe II 
Composition of a Scorbutic Diet 


Okara (insoluble soyabean residue) 90 per cent 
Crusta of wheat 5 
Casein 3 
Butter 2 


The mixture was heated for | hour at 100°, then a small volume of 
water was added. 
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DAYS ON SCORBUTIC DIET 


Fic. 4. Excretion of homogentisisc acid (1) and gentisic acid (2) 
in an ascorbic acid deficient guinea pig. 


Gentisic acid also appeared, and its excretion reached a maximum 
a few days later than that of homogentisic acid, thereafter it disappeared 
one day earlier than homogentisic acid (Fig. 4). 

When tyrosine (oral) and homogentisic acid (subcutaneous) were 
given to the scorbutic guinea pigs respectively, the excretions of homo- 
gentisic acid and gentisic acid increased and these excretions were de- 
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pressed by the administration of vitamin C (2 mg. subcutaneous) (Figs. 


5 and 6). 
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DAYS ON SCORBUTIC DIET 


TYROSINE v.c 2 mg./day 
1 g./kg. /day ADMINISTERED 
AOMINISTERED 
Fic. 5. The influence of administration of tyrosine or ascorbic 
acid on the excretion of homogentisic acid (1) and gentisic acid (2) in 


a scorbutic guinea pig. 
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Fic. 6. The influence of administration of homogentisic acid on 
the excretion of homogentisic acid (1) and gentisic acid (2) in an ascor- 
bic acid deficient guinea pig. 


Using paperchromatography both acids were detected in the urine 
13-15 days after being fed on a scorbutic diet, and keeping the animals 
on the same diet for longer depressed the excretion of these compounds, 
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resulting that of only p-hydroxyphenylpyruvate. At this time the in- 
jection of 2 mg. of vitamin C gave rise to the excretion of both acids 
next day, and the continuance of this treatment resulted the disappear- 
ance of these compounds in the urine. These facts seem to suggest that 
homogentisic acid was degraded completely through its ordinary path- 
way in the normal animal with sufficient ascorbic acid, and that even 
the formation of homogentisic acid from p-hydroxyphenylpyruvate did 
not occur in animals deprived of this vitamin. 

Enzymatic Experiment—A guinea pig on a scorbutic diet for 11-13 
days was sacrificed by bleeding and the liver was ground with same 


TasLe III 


Degradation of Homogentisic Acid or Gentisic Acid by Liver Extract of 
Normal or an Ascorbic Acid Deficient Guinea Pig 


Ne Acetoacetate 
| Oxygen uptake | 
: be formed 
Substrate Addition (atom per (LM | 
of HGA) (mole per 1m 
, of HGA) 
no addition 1,95 0.9 
Liver extract | HGA 2 [eM | WEG ] mg. 1.9 0.9 
of the normal | | GA 2 uM 1.9 | 0.9 
guinea pig 
GA 2 pM | 0.0 0.0 
i no addition | his" 0.6 
Liver extract of | HGA 2umj|V.C. 1 mg. 1.85 0.8 
an ascorbic acid : GA 2 um 1.15 0.6 
deficient guinea | | | > 
Pig GA 2uM 0.0 | 0.0 


Condition : 37.5°, 90 minutes. HGA: homogentisic acid 
GA : gentisic acid 


amount of sea sand. The paste was extracted with two volumes of //10 
phosphate buffer (pH 7.2) in the refrigerator for an hour and centrifuged. 
The supernatant was used for the enzymatic experiments. O,-uptake 
was measured in the Warburg’s manometer, and acetoacetic acid 
formed was determined by the method using aniline citrate (5). Gentisic 
acid was measured as described above. The conditions of enzymatic 
reaction were as follows ; 


Main chamber: 1 Mf phosphate buffer (pH 7.4) Ono ides 
enzyme solution 1.0 
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added distilled water 4 
Side arm: homogentisic acid (2 uM) 0.5 
Center well: 50 per cent KOH 0.1 


37.5°, 90 minutes 


The incubated solution was deproteinized by the addition of | ml. 
of 30 per cent trichloroacetic acid and extracted with 20 ml. of ether. 
The results are shown in Table III. 

From the data of Table III, it was shown that the liver extract of 
a scorbutic guinea pig has lower activity to degrade homogentisic acid 
to acetoacetic acid than that of the normal, and the addition of vitamin 
C restored the activity considerably. Gentisic acid was not degraded 
and showed no effect on the activity of both liver extracts. 

After 10 ml. of liver extract was incubated in the presence of 5 mg. 
of homogentisic acid at 37.5° for 3 hours, the mixture was deproteinized 
and extracted with two volumes of ether. The ether extract was evapor- 
ated and the residue was dissolved in about 0.2 ml. of water, which was 
used for the paperchromatography. ‘The presence of gentisic acid was 
demonstrated. 


SUMMARY 


1. Gentisic acid was confirmed to be eliminated in the urine of 
hereditary and experimental alcaptonuria by the paperchromatography. 

2. A method of differential determination of homogentisic acid 
and gentisic acid in the urine was accomplished. Gentisic acid was 
observed to be excreted in the urine of an alcaptonuria, who eliminates 
ca. 7 g. of the latter daily and to be increased slightly by the administr- 
ation of tyrosine (2 g.) to him. 

3. Gentisic acid was demonstrated to appear later and to disappear 
earlier than homogentisic acid in the urine of prolonged ascorbic acid 
deficient guinea pig. Both acids increased after the administration of 
tyrosine and disappeared after that of ascorbic acid in the urines of the 
scorbutic guinea pig. 

4. The formation of gentisic acid from homogentisic acid by liver 
extract of scorbutic guinea pig was demonstrated by means of paper- 
chromatography. ‘This acid was not oxidized further by the liver ex- 
tract and had not any effect on the enzymatic degradation of homo- 
gentisic acid. 
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STUDIES ON POLYOL DEHYDROGENASE FROM 
MYCOBACTERIUM AVIUM 


In 1898, the selective oxidation of polyols by Acetobacter was dis- 
covered by Bertrand (J), whose observation was generalized in a rule 
that was extended by Hudson et al. (2). Recently, Edson and his 
collaborators (3-6) reported the specificity of the polyol dehydrogenases 
of different organisms, and described that there are at least three types 
of polyol dehydrogenases: L-iditol, D-mannitol, and galactitol dehydro- 
genases. 

This communication deals with the specificity and multiplicity of 
polyol dehydrogenase in Mycobacterium avium and it will be shown that, 
by cell-free extracts, myo-inositol, p-mannitol, glycerol, propanediol-1, 2, 
and ethylene glycol are oxidized. 

Mycobacterium avium (strain Takeo) was grown in Sauton medium 
for 7 days. The washed cells were quickly desiccated in vacuo over 
P,O;. A portion of these dried cells was finely ground by 4 portions of 
quartz sand, and subsequently extracted with 30 volumes of 0.1 N Na, 
HPO,. After keeping overnight in an icebox, the cells were centrifuged 
off at 3,000 r.p.m. for 30 minutes and the supernatant fluid was recen- 
trifuged at 10,000 r.p.m. for 20 minutes at 0°. The supernatant fluid 
was dialyzed overnight against running-water. ‘To remove nucleotides, 
1 per cent protamine sulfate was added to the dialyzate. After centri- 
fugation, the supernatant fluid was used as enzyme solution. In some 
experiments, the fraction precipitated by ammonium sulfate (between 
20 to 70 per cent saturation) was also used. The enzyme activities are 
retained for several weeks if the enzyme preparation is frozen. 

The enzyme assay is carried out by the measurement of the rate of 
reduction of triphenyltetrazolium chloride (TTC) at 500 my in the pre- 
sence of methylene blue or of 2,6-dichlorophenolindophenol (DCPP) at 
600 mu (7). As the crude enzyme preparation contains DPNH-cyto- 
chrome c reductase, the election carrier system for dyes is complete in 
the enzyme assay system. 

When the activity of the enzyme towards polyols was measured by 
the rate of TTC-reduction, myo-inositol, p-mannitol, glycerol, pro- 
panediol-1, 2, and ethyleneglycol were found to be oxidized, while p- 


859 


860 LETTERS TO THE EDITORS 


sorbitol, p-dulcitol, and erythritol were resistant. 

Fig. 1 indicates the requirement of diphosphopyridine nucleotide 
(DPN) for the oxidation of myo-inositol and p-mannitol : in the presence 
of DPN, DCPP was reduced rapidly ; however in the absence of DPN, 
the dye was reduced slowly. The rates of oxidation of myo-inositol and 
D-mannitol were determined by spectrophotometric measurement of 
reduced DPN at 340 mu (Fig. 2). As can be seen from the result that 
p-fructose oxidizes reduced DPN in the presence of the enzyme, hence 
the oxidation of p-mannitol is reversible. 

As shown in Table I, inhibitors and metal-chelating agents were 
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Fic. 1. Requirement of DPN for the oxidation of myo-inositol and 
D-mannitol. 

Reaction mixture contains: enzyme (protamine supernatant), 
1400 pg. ; DCPP, 60 wg. ; myo-inositol or p-mannitol, 300 um ; DPN, 
0.032 um ; Na,HPQO,, 30 um. Total volume, 3.0 ml. at 20°. 


tested for their ability to affect dehydrogenase activity. 

Table II indicates that each of Mg, Mn, and Co ions activated about 
3-fold the oxidation of D-mannitol, but only slightly that of myo-inositol. 

These results strongly suggest that p-mannitol dehydrogenase is a 
DPN-linked, metal-containing, sulfhydryl enzyme. From the evidence 
that D-mannitol dehydrogenase does not attack p-sorbitol, Mycobacterium 
avium seems to be more limited than Acetobacter suboxydans with respect 
to the substrate specificity of p-mannitol dehydrogenase. Moreover, as 
Dr. Edson kindly suggested in his private communication (8), if the 
enzyme required DPN which is readily dissociated from the apoenzyme, 
it is quite possible that the stereospecificity will be different from the 
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specificities of Acetobacter suboxydans. Recently, the multiplicity of polyol 
dehydrogenases was also indicated by the studies of xylitol dehydro- 
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Fic. 2. Reduction of DPN. 

Reaction mixture contains : enzyme. (protamine supernatant) 1.0 
ml. ; myo-inositol or D-mannitol, 500 wm ; DPN, 0.32 um ; Na,HPO,, 
43 pm. Total volume 3.0 ml. at 20°. 


TABLE I 
Inhibition 
Inhibitor | myo-Inositol | p-Mannitol 
EDTA, DORI AY! 81 oe 85 a 
Nitrose-R, P< AOssva # == 100 
PCMB, 2.5x10-°M_Ci| 100 | 100 
Hgitt DpolOnseM | 100 — 
NaF 110-2 M 100 ; 91 


Reaction mixture contains : enzyme (ammonium sulfate precipitat- 
ed fraction) 1500 pg. ; TTC, 0.3 ym ; methylene blue, 0.1 um ; DPN, 
100 pg. ; myo-inositol or pD-mannitol, 100 um; Na,HPO,, 20 uo ; 
inhibitors as indicated. Total volume 1.0 ml. at 38°, 150 minutes. 


genase from pig-liver (9) and sorbitol dehydrogenase from Acetobacter 


suboxydans (10, 11). 
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Taste kl 
Participation of Metal Ions for D-Mannitol Dehydrogenase 
Formazan formed (im) 
Metal : = 
myo-Inositol p-Mannitol 

None | 0.12 | 0.06 
Mnt 1.3x 10-3 M 0.15 0.19 
Cott 13 < 105 0.15 0.20 
Met SLOSS — OSS 
Zntt 1.3x10-§ M 0.17 0.07 


Reaction mixture contains: enzyme (the fraction which is pre- 
cipitated by ammonium sulfate, then dialyzed against EDTA solution), 
1510 pg. ; TTC, 1.0 um; methylene blue, 0.5 um; DPN, 50 yg. ; 
myo-inositol, 300 wm or D-mannitol, 200 um; Na,HPO,, 20 um ; 
metal ions as indicated. ‘Total volume 1.0 ml. at 38°, 120 minutes. 
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ENZYME FORMATION IN LYSOZYME LYSATE OF 
BACILUS SUBTILIS 


It was already reported that the whole lysate obtained by the treat- 
ment of Bacillus subtilis cells with lysozyme can still form amylase if 
boiled extract of cells cultivated in the phase of active amylase production 
is added (1, 2, 3). The factor discovered in this extract was studied and 
established to be of ribonucleic acid (RNA) nature (2, 4). However, in 
the earlier investigation, the conditions for obtaining constantly active 
lysate was not so easy to set up. The problems were examined and now 
it was achieved to devise an adequate procedure for it. 

The RNA and protein contents of preparation were found to de- 
crease markedly during the treatment with lysozyme or subsequent 
incubation period. ‘The previous demonstration of the necessity of active 
factor (RNA) for the formation of amylase was now interpreted based 
on the diminished content of RNA in the preparation. Both polyvinyl 
sulfate (PVS), which was supposed to inhibit ribonuclease (RNAase), 
and purified protease inhibitor of potato extract (5), which was shown 
to inhibit the action of cyrstalline protease of this bacterium, were added 
to the incubation mixture of lysozyme treatment. Apparently PVS 
did not inhibit the lysozyme action as judged from the measurement of 
optical density (O.D.) decrease, and yet, the ability of amylase formation 
of the resultant preparation was remarkably high, almost of the com- 
parable order to that of intact cells, while the lysate prepared in the 
absence of PVS had only a weak activity (Table I). 

As already reported (/, 3), the protoplast prepared from cells which 
are producing amylase actively is unstable and the preparation obtained 
does not contain intact protoplast. ‘The active preparation could be 
obtained without any regulation of osmotic tonicity (Table I). Frac- 
tionation of whole lysate showed that the major activity remained with 
the cell residue (precipitate fraction obtained after the centrifugation at 
900 g. for 15 minutes) as in the previous studies (3). This residual 
preparation is fairly transparent under the phase contrast microscope, 
confirming the greater loss of cellular materials as indicated by O.D. 
measurement or chemical analysis. It is completely gram-negative, but 
still stained with Alcian Blue 8GN and its shape is somewhat damaged 
or distorted, indicating partially digested and ruptured cell wall to 
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which are still attached some remaining cellular components. Electron 
microscope examination also confirmed the above observation (Fig. 1). 
The preparation retained the ability of glucose oxidation and of 
C"4-clycine incorporation into protein and nucleic acid at rates com- 
parable to those of intact cells (Table IT). 
parable to those of intact cells (Table II). The respiration, amino acid 
incorporation and amylase formation of the preparation proceeded linear- 
ly at least for 4 hours. In addition to amylase, the formation of protease 
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The Effect of Polyvinyl Sulfate (PVS) during the Lysozyme Treatment on the 
Amylase Forming Ability of the Resultant Preapration 
Washed cells of B. subtilis N (25 mg. dry weight/ml.) were treated 
with lysozyme (18 yg./ml.) in the presence of PVS (1.5 mg./ml.) and 
lactose (5%) as indicated in the table. Phosphate (0.05 M@, pH=7.3), 
MgSO, (0.003 M), purified protease inhibitor of potato extract and the 
crude boiled cell extract were added to all the flask. Lysis was followed 
by measuring the O.D. of the solution at 570my. After 1 hour at 
30° the lysis was complete (initial O.D.) “and samples were taken for 
the measurement of initial amount of amylase (assayed according to the 
method of Hagihara (7). Incubation was continued for 3.5 hours 
at 30° under aeration. 


Conditions for | sys , 
Ee a Har en | Initial O.D. | Amylase (D30’/mi.) 
pe nae | Mie bere os ip iieagrae® 
Lysozyme | PVS | Lactose | |  oanee | Initial Final | Increase | eer 
= + | + |0488) 100 | 32 83. de | a 100 
; | + | 0.098) 20) Pale ESe2 Sean) 0.5 9.8 
+ bee’ ea ae 241) 33 6.4 | Sel | 61 
ao Pes 0.165 34 | 3.8 OO 5.2 102 


was also demonstrated in this preparation in the absence of protease 
inhibitor (the increase from 8 units to 28 units per ml. during 3.5 hours 
in one experiment). The preparation is amenable to RNAase treat- 
ment in contrast to intact dcells. RNAase treatment inhibited amylase 
formation, but not glucose oxidation (Table II). 

Though protease inhibitor was shown to prevent effectively the de- 
crease of protein content of the preparation, the experimental results 
indicated that, in contrast to PVS, it is not necessary for the preparation 
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of lysate which is active in the amylase formation. A number of active 
lysate obtained in the presence of PVS was analysed. Usually, the 
ratio of nucleic acid to protein was found to be greater than that of the 
preparation obtained without added PVS, suggesting the inhibition of 
intracellular RNAase as expected at first. However, the results are not 


(a) Control intact cells in PVS (b) Treated with lysozyme in lactose 
and lactose. 


(c) Treated with lysozyme in PVS and lactose. Preparations 
were those described in Table I. 


Fic. 1. Electronmicrographs of various preparations of Bacillus 


Subtilis N, x 5,000. 


yet conclusive and the role played by PVS must still await the future 
investigation. 

Recently, Spiegelman demonstrated the enzyme formation and 
nucleic acid synthesis in the osmotically shocked protoplast (6). Our 
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preparation seems to show the similar characteristics on several points, 
though the method of preparation and hence its nature is quite different 
in prineiple. The studies of amylase or any other enzyme formation in 
our preparation as a subcellular system seem to be promising. 


The author wish to thanks to Prof. S. Akabori for his interest and helpful advice 


in this investigation and also to Dr. M. Ishimoto for his kind supply of polyvinyl 
sulfate. 
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— —:; — -—s and steroids, 7-keto- 
cholanic acid derivative, bromina- 
tion, Takeda and Komeno ......+++++- 
Cholic acid, degradation 
product, Streptomyces gelaticus 1164, 
Hayakawa, Saburi and Akaeda......... 


: Cholic acid, microbiological 


cegradatloue Mujra teen ees 
Metabolism, Ogura, Miya- 


SHUCH TANG UL OMOASAKcoscecestccceesceees 


Microbiological degrada- 
tion, 7a, 12a-dihydroxy-3-keto- 
4'+-cholenic acid formation, cholic 
acid, soil bacterium, Eguchi......... 

Bone: See Tissue 


Bromination : 7-ketocholanic acid 


derivative, Takeda and Komeno...... 
Cc 
Calcium : Radioactive —, uptake, 


rat, tooth and bone, diet, Jto, Tsu- 
TOU Od IVIUN AA renames enone estes 
Role, taka-amylase A, Oikawa 
Gnd MAGA aw eosnactisnah tere aieetees 
Cell: Baker’s yeast, alcoholic fer- 
mentation, phosphate inhibition, 
Hayashibe 
: -Nitrogen-starved —s, Chlorella 
ellipsoidea, urea and other nitro- 
genous 
Hattori 
Lysozyme lysed-—, Bacillus 
subtilis, amylase formation, active 
factor, Nomura 
Cholic acid: Decomposition, soil 
bacterium, Fujii 


compound, assimilation, 


: Degradation product, Strep- 
tomyces gelaticus 1164, Hayakawa, 
Sabre and Atsaeda) wievec..s:caseresonees 


Microbiological degrada- 


51 


MES) 


109 


383 


115 


81 


249 


195 


745 


543 


253 


87 


383 


109 
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tion, soil bacterium, 7a-, 12a-di- 
hydroxy-3-keto-4'4-cholenic acid, 
formation PH CUciit erence secon eseece 
Chromatography: Jon exchange 
—ic separation, thiamine phos- 
phate, Suzuoki, Yoneda and Hori... 
= Paper —, -aminosalicylic 
acid, metabolism, human urine, 


NAKAO Me Sous Ssaceeesans ooaeateaceetetee 


Chromoprotein(s): See Protein 

Clupea pallasii: See Clupeine . 

Clupeine : Clupeapallasii, N-terminal 
residue, sequence, proline, al- 
anine, Ando, Abukumagawa and 
NGG code staan «2 0enmaslonasia qe stelqneneietes 


— : —, salmine, iridine, amino acid 
composition, homogeneity, Ando, 
Ishii, Yamasaki, Iwai, Hashimoto and 


Sawada 


Coenzyme : — and substrates, ef- 

fect, dehydrogenases, denatura- 
Sekuzu, Yamashita, Nozaki, 
Hagihara, Yonetani and Okunuki...... 


tion, 
Contratile protein : See Protein 
Craspedacusta sowerbyi Lankester: In- 
organic composition, Okuda......... 


Cysteine : — plus cystine, micro- 


determination, protein, hydra- 

zinolysis, Kuratomi, Ohno and Aka- 

DOF vawncs cacancubpeeutedet eerie aes 
Cystine : See Cystein 


Cytochrome : — c, baker’s yeast, 
purification, proteinase digestion, 
Nozaki, Yamanaka, Horio and Oku- 


nuki 


—: —c, C-terminal residue, Ti- 
tani, Ishikura and Minakami......... 
: — ¢, proteinase modified, oxi- 
dation-reduction potential, Mina- 
kami, Titani and Ishikura 
—: (Classification and nomencla- 
ture, provisional proposals, Egami, 
Ishimoto, Mori, Ogura, Okunuki and 


weet ee weee 


81 


783 


327 


191 


601 


243 


183 


453 


499 


535 
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C (cont’d.) 

SSALOMMN esane sea tln tee amtee cu aeailitec 619 
—: Sulfate-reducing bacteria, func- 

tion, Ishimoto, Yagi and Shiraki ... 707 
—: Sulfate-reducing bacteria, pu- 

rification, Ishimoto and Koyama ... 233 
— : Sulfate-reducing bacteria, puri 

fication, phisiological role, Jshi- 

moto, Koyama, Yagi and Shiraki ... 413 


D 


Deaminase : Adenylic acid —, fail- 
ure to detect, contractile protein, 


pecten adductors, Kitagawa and 


BLUONOMUN Dr aes estaaien «siseen tag ce seers SM y/ 
Dehydrogenase : Alcohol —, 

thiamine pyrophosphate, deter- 

MUNA SKGZUD aononnaoncosesdoacte 827 


—: Denaturation, coenzyme and 
substrates, effect, Sekuzu, Yama- 
shita, Nozaki, Hagihara, Yonetani 


CNdMORUNUR eee jasiiseneses scscecsaees 601 
—: Glucose —, halophilic bac- 
Teva ioay WY G7Ue Raaqnempcocos sooo Sener 99 


—: Glyceraldehyde - 3 - phosphate 
—, denaturation, diphcospho- 
pyridine nucleotide, effect, Noza- 
ki, Sekuzu, Hagihara, Yonetani, Na- 
Kavand Okunuki cs: -eessoces4sossenee 595 
—: ut-Gulonic —, guinea pig, liver 
and kidney, Ishikawa and Noguchi 465 
—: Polyol —, Micobacterium avium, 
Kimura and Sasakawa  ..sccsccsevseee 859 
—: Yeast alcohol and muscle 
glyceraldehyde-3-phosphate —s, 
denaturation and _ inactivation, 
Sekuzu, Hagihara, Hattori, Shibata, 


Nozaki and Okunuki .....0..s0es0s000. 587 
Denaturation: Lysozyme, heat, 
kinetics, Hamaguchi ......ssssceeeee0e 695 


—: Dehydrogenase, coenzyme and 
substrates, effect, Sekuzu, Yama- 
shita, Nozaki, Hagihara, Yonetani 


Ande Okunuktmessaedcn sae: session ones 601 
Desoxycorticosterone : Progesterone 
and — acetate, synthesis, hog, bile 
acids and steroids, a-hyodesoxy 
cholic acid, Takeda, Kubota and 
iGWanamt M ircunicneerdstaces cece 51 
Diazoreaction : Acid — and 5- or 
7-hydroxyindole derivatives, Ichi- 
hara, Sakamoto, Inamori and Saka- 
MOL ma seeisncone wicesaceers ce teasers 649 
Dicyanhematin : See Hematin 
Diffusion coefficient: Taka-amy- 
lase A, Isemura and Fujita ......... 433 
Dipeptide(s) : 
droxy-amino acid residue, oxida- 
tion, periodic acid, Fujii, Arakawa 
aE) TNONUGE SOSSAG SHOEI ROROB OC OSCEBEHOG 471 
Diphosphopyridine nucleotide : Ef- 


— containing hy- 


fect, glyceraldehyde-3-phosphate 
dehydrogenase, 
Nozaki, Sekuzu, Hagihara, Yonetani, 


denaturation, 


WNGGat 0nd OKUMURA eee tense 595 
E 
Egg : Yolk proteins, phosvitin, lipo- 
vitellin, lipovitellinin, electro- 
PMOLESIS we CAN OM ere tele cectienseamieste 205 


Electrophoresis : —tic frontal ana- 
lysis, enzyme, WVakamura and Ta- 
NAR GM aw alaraists sis visio tecinss nese pete 30 

—: Paper —, acetone insoluble 
fraction, B. alcaligenes faecalis, Sai- 

HO 0G! JNSISOR copocbrcanbesn soos 36000006 511 

Enzyme: Denaturation, rate of 
heat-inactivation, effect of con- 
centration, JVakayama and Kono ... 25 

— : Electrophoretic frontal analysis, 
Nakamura and Tanaka .......0s.0s00 309 

—: — formation, Bacillus subtilis, 
lysozyme lysate, Nomura and Hoso- 
7D Boe SpOP aOR CER SETI 268 BOO sEAScuDHIBAoNe 863 

Erythrocyte: Suspention, stream- 

ing transparency, Kuroda ......... 123 


XIV 


E (cont’d.) 

Essential amino acids: See Amino 
acid 

Ethanoleamine : Lipid — and lipid- 

distribu- 


tion, rat and pig tissues, Nozima 


serine, determination, 


Gnd UTSUOE duit cena wise eee 
Extract: Liver —, oxidation, hy- 
droxyindole acid 
diazoreaction, Ichihara, Sakamoto, 


derivatives, 


Inamori and Sakamoto 


F 
Alcoholic —, baker’s 
yeast, intact cells, phosphate, in- 
hibition, Hayashibe 
Fluorphenylalanin : 


Fermentation : 


See Phenylala- 
nin 
Formate : Decomposition, 
chrome, bacteria, Jshimoto, 
and Shiraki 


Frontal analysis : 


cyto- 
Yagi 
Electrophoretic 
— —, enzyme, Nakamura and Ta- 
DIGK CO Moayceren aia Suse uae scores aketaceiie 
Fructose : D-— -6-phosphate, for- 


mation, D-glucosamine, meta- 


bolism, Jmanaga 


Gelatin: Lead 
Tachibana, Tamamushi and Tama- 
mushi 


ion, interaction, 


Gentisic acid : Saka- 
moto, Nakamura, Inamori, Ikeda and 
Ichihara 

Glucosamine : 


Formation, 


D-—, glucosamic 

acid, formation, Jmanaga ............ 
—: D-—, metabolism, p-fructose- 
6-phosphate, formation, Jmanaga... 
Glucosamic acid: Formation, p- 
glucosamine, IJmanaga ...........664. 


Metabolic production, 


Ima- 
naga 
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Glucose : — respiration, M. pyro- 
genes var. aureus, antibacterial sub- 
stances, growth inhibition, Yama- 
CL RGT DIED EBT UTEHE pr 3.55508 03 eben 
Glucose dehydrogenase: See De- 
hydrogenase 
Glucuronide : p-aminosalicylic acid, 


ad- 


ministration, Nakao and Yanagi- 


metabolism, human _ urine, 


sawa 
Glyceraldehyde-3-phosphate | dehy- 
See Dehydrogenase 

— -Ps2, 


bolism, distribution, 


drogenase : 
Glycerophosphate : meta- 
incorpora- 
tion, rat incisor, /to, Tsurufuji and 
Hiramatsu 
Growth factor : 


homogentisic acid, Ichihara and Sa- 


Sree eee eee w eee eres rene ener 


Bamboo shoot, 


kamoto 


Green pigment: Purification, sul- 


fate-reducing bacteria, Jshimoto 
GNde KeGy iiGig wane ose seca eae ee 
Guinea pig: 1-Gulonic dehydro- 
genase, liver and kidney, Ishikawa 


and Noguchi 


H 
Halophilic bacterium : See Bac- 
terium 
Hard tissue: See Tissue 
Harz: Anionenaustauscher —e, 
kondensierte Phosphate,  chro- 


Ma- 


eee eee eee eee eee eee ee 


matographische Trennung, 
tsuhashi 
Hematin : Decomposition, dicyan- 
hematin-ascorbic acid-hydrogen 
peroxide system, Tsushima, Kiku- 
chi, Makita, Uchimura and Kaziro... 
Dicyan —-ascorbic acid- H, 


O, system, hemin degradation, 


products, Kaziro, Tsushima and 
OCHA Foaels'es senrou cewentn se erie 
Hemin : See Hematin 
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233 


465 


65 
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H (cont’d.) 


Hemoglobin : Anadara inflata 
(Reeve), molecular weight, Ui... 
—: Anadara inflata (Reeve), terminal 
amino acid residues, Yagi, Tsuji- 
mura and Sato 


Crystalline —, Anadara inflata 
(Reeve), 
perties, Yagi, Mishima, Tsujimura, 
Sato and Egami 


purification and _pro- 


Hexokinase : — activity, xanthuren- 
ic acid, effect, Kotake, Shibata, Na- 
CEvaMGnand Ae Wwmracce cesar sesueees 

Hippurylanilide : Synthesis, plant 

enzyme, papain, metal salts, ef- 

669, 


Bile acids and steroids, pro- 


fect, Kozima 
Hog: 
gesterone and desoxycorticosterone 


acetate, synthesis, a-hyodesoxy- 
cholic acid, Takeda, Kubota and Ka- 
wanamt 


Homogentisie acid : Bamboo shoot, 


growth factor, Ichihara and Saka- 


TTUOUO Rare ets eletsi= ste ele sis ciara stelsia es spaleleisisjeini Oapeaverele 
Homoserine: Threonine biosynthe- 
sis, homoserine kinase, Watanabe, 
Foontshitaand SSHUNUIA soccer ales 
Homoserine kinase: See Homo 
serine 
Hydration : Molecule, taka-amylase 
A, Isemura and Fujita .........s..00- 


Hydrazinolysis: Protein, cysteine 
plus cystine, microdetermination, 
Kuratomi, Ohno and Akabori 


Yeast ribonucleic acid, ribo- 


ee eeeceee 


apyrimidinic acid, formation, Ta- 
kemura 


Hydrogen: Inhibition, anaerobic 
nitrogen fixation, Hiai, Mori, Hino 
and Mori 

Hydrogenase : 
bilization, Kondo, 


Tamiya 


Particulate —, solu- 
Kameyama and 


ll 


49] 


677 


51 


693 


299 


797 


183 


321 


839 


Separation, sulfate-reducing 


bacteria, Ishimoto and Koyama ...... 
Hydrogen peroxide: Dicyanhema- 
tin- ascorbic acid- — — system, 
hematin decomposition, Tsushima, 
Kikuchi, Makita, Uchimura and Ka- 

Dicyanhematin-ascorbic 
acid- — — system, hemin degra- 
dation, products, Kaziro, Tsushima 
Geel OB EUTE cocceon 26008653000 10LHGOON 


Hydroxy-amino acid: See Amino 


acid 
Hydroxyindole derivative(s) : Acid 
diazoreaction and 5- or 7- — —, 


oxidation, liver extract, benzene 
moiety, indole-lactic acid, -pro- 
pionic acid, -ethylamine, Ichihara, 
Sakamoto, Inamori and Sakamoto...... 
Hydroxylamine : Reduction of sul- 
fur and —, cytochrome, sulfate- 
reducing bacteria, Jshimoto, Yagi 
and Shiraki 
Hyodesoxycholic acid : 
and _ desoxycorticoste- 


a@-—, pro- 
gesterone 
rone acetate, synthesis, hog, bile 
acids and steroids, Takeda, Kubota 
and Kawanami 


See Tissues 
See Hydroxyin- 


Incisor tooth : 
Indole-ethylamine : 
dole deri-vatives 
Indole-lactic acid : 
dole derivatives 
Indole-propionic acid : 


See Hydroxyin- 


See HAydro- 
xyindole derivatives 
Intestine : Rat —, sugar absorption, 
mechanism, phosphate esters, JVa- 
gasawa 
Inorganic —s, influence, amy- 


Ion : 
lase activity, Urata 
See Protamine 


See 


Tridine : 
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K (cont’d.) 


K 
Ketocholanic acid: See Cholania 
acid 
Ketoglutaric-a-amide : Isolation, 


intermediate, urocanic acid, en- 
zymatic oxidation, Suda, Shimo- 


WUTC MOMS PICGLO) weieneinene tee emetic nae 7S 
Kidney : Liver and —, guinea pig, 
t-gulonic dehydrogenase,  Ishi- 
[GENER OE! ANE HOO. cootpanocannob66c00e0 465 
Kynurenic acid: Inhibition, xan- 
thurenic acid, diabetogenic pro- 
perty, Kotake and Kato ............+5- 787 
Kynurenine: Preparation, cyclic 
amino acids, ascorbic acid, inter- 
action, — Moripaird.........0-00+.0+- 289 
L 
Lead : — ion, gelatin, interaction, 
Tachibana, Tamamushi. and Tama- 
MUSE, Trateporlstate ealss atsnin sviere sieinelua siete onicte 33 
Leaf: Intact —ves, chlorophyll 
LOLA AOI, WSOC leeecieciensestine 147 
Leucine : — aminopeptidase, ac- 


tion, protamines, Ando, Nagai and 


UP IORG saanacar cent nuenay scuadeneedeeses HS 
Lipid : — ethanolamine and — 
serine, determination, distribu- 
tion, rat and pig tissues, Nozima and 
DES esc compete Hace Cn ene oe CuP ORS Onde 565 


— : — material, B. alcaligenes faecalis, 
acetone insoluble fraction, paper 
electrophoresis, Saito and Akashi... 511 

Lipovitellin : Electrophoresis, egg 
Ole SUGANO: caicwccenenecenaaes sareerater 205 


Lipovitellinin : Electrophoresis, egg 


Sallis SV FAATOO Bagabrcaneccndogeocne cen 205 
Liver : — and kidney, guinea pig, 

L-gulonic dehydrogenase,  Ishi- 

OWONCRA mg NOSUCHIM aan eaaeeeeemaete 465 


— : — extract, oxidation, hydroxy- 
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indole derivatives, acid dizore- 
action, Ichihara, Sakamoto, Inamori 


CADP INO iD. Scag enocoocaecessoodoc0e08 
Lysozyme:  Denaturation, heat, 
kinetics, Hamaguchi .........0..0++00+ 
—: —lysate, Bacillus subtilis, en- 
zyme formation, Nomura and Hoso- 
UL OR eB Op oe rB otc Hencoce nose sccdoondneneD 


Bacillus subtilis, 
amylase formation, active factor, 


—: -—lysed-cell, 


Nomura 


eee eee eee eee ry 


Mammals: /-Aminosalicylic acid, 
metabolism, Nakao, 
and Yoshikawa 

Medusa: Fresh-water —, Craspe- 
dacusta sowerbyi Lankester, inorganic 


Yanagisawa 


composition, Okunukda .........++++4: 
Metal : —salts, effect, anilide syn- 


649 


695 


863 


87 


477 


IHS) 


thesis, papain, Kozima............ 669, 677 


Methionine : L-—, enzymatic pre- 
paration, Yamada and Sakurai ...... 
Micrococcus pyogenes var. aureus: 
Glucose respiration, antibacterial 
substances, growth inhibition, 
Yamada and Yanagita ........scceeeeees 
Muscle: Yeast alcohol 
glyceraldehyde-3-phosphate dehy 


drogenases, denaturation and in- 


and — 


activation, Sekuzu, Hagihara, Ha- 
ttori, Shibata, Nozaki and Okunuki... 
Mycobacterium avium: Polyol de- 
hydrogenase, Kimura and Sasakawa 


Rome e emcee eee eee eee sees ee sae eseeseseeeees 


Mycobacterium tuberculosis avium: 
acetate, enzymatic phosphoryla- 
tion, Kimura, Tobari and Sasakawa 

Myosine : — B, constitution, pecten 


AG GNIGLOUS) G27 sec ce te ceest eeu 


N 


Nitrogen: Anaerobic — fixation, 


Do 


661 


Soy, 


859 


133 


357 
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N (cont’d.) 


hydrogen inhibition, Michaelis 
constant, Hiai, Mori, Hino and 
WVIOTU aerate sasnee aa sen scene tees hones 839 
Nitrogenous compound(s) : Urea 
and —- —, metabolism, Chlorella 
ellipsoidea, nitrogen-starved cells, 
assimilations- L1atiort ...c0¢...+-++ss 253 


Nitrogen-starved cell: See Cell 
Nori: See Porphyra tenera 


Non-hydroxyamino acid : See 
Amino acid 

Nucleic acid(s):  B. alcaligenes 
faecalis, Goto and Akashi ............ 681 

0) 

Oxidase : — reaction, turnip per- 
oxidase, kinetics, stoichiometry, 
TESTO T Ra aern ONICO SES DAS ERE CHORD OONACECS 425 

Oxygen : Photochemical — libera- 
tion, phosphorylative process, 


Chlorella, nuclear division stage, 


Nihei 


Papain : Hyppurylanilide synthesis, 
metal salts, effect, Kozima ...... 669, 677 

Paper electrophoresis : See Electro- 
phoresis 

Pecten : Adductors, contractile pro- 
teins, adenylic acid deaminase, 
Kitagawa and Tonomura 

—: Adductors, 


teins, recovery, drop in light scat- 


constractile pro- 


tering, adenosine triphosphate, 
Matsumiya, Morita, Kitagawa, Yagi 
CNG UO LOMUN Cena aee seme stactess aces ents 347 
— : Adductors, myosine B, constitu- 
CLOW Wet siaides ceececteuas ee cesusccues 
Periodic acid : Oxidation, dipeptide, 
hydroxy-amino acid residue, Fujii, 
Arakawa and Aoyagi .......scssceveeee 471 


Phenylalanin : p-Fluor —, prepara- 


tive Darstellung, Okuda and Tatsu- 


Peroxidase : Turnip —, oxidase re- 
action, kinetics, stoichiometry, Ya- 
WUAR AD sa dhceas eke eons Oe 


Phosphate : 
tion, 


— esters, sugar absorp- 
rat intestine, mechanism, 
INGEASAWE Me cesen den cccete cee ateneee neta 
—: p-Fructose-6- —, formation, p- 

glucosamine, metabolism, Jmanaga 
—: Inhibition, alcoholic fermenta- 

tion, baker’s yeast cell, Hayashibe... 
chromato- 
Trennung, Anionen- 


—: Kondensierte —, 
graphische 
austauscherharze, Matsuhashi...... 

—: Thiamine —, separation, chro- 
matography, thiamine poly- —, 
synthetic preparation, Suzuoki, Yo- 
NEA GNd TIOTT sac ctcnaeseencenseeeeees 

—: Thiamine pyro —, quantitative 
determination, apocarboxylase, 
alcohol dehydrogenase, Kaziro 

Phosphorylation: Enzymatic —, 
acetate, Mycobacterium tuberculosis 
avium, Kimura, Tobari, and Sasakawa 

—: —ive process, photochemical 


oxygen liberation, Chlorella, nuclear 


Givision stage, WNINCie sca. Nemesia 
Phosvitin : Electrophoresis, egg yolk, 
SUBGNO Eras saele teste a naseeecee ea eCRe ee 


Phycoerythrin : Porphyra tenera, pep- 
tic digestion, chromoprotein, Fuji- 
WADE Weriann eee oceae ve sca cee ses sneaee 

Bigipeicat 
ethanolamine and lipidserine, de- 
termination, distribution, Nozima 
thie) TUESHPES. cpononicnncebsssodaab4ce07036 

Pigment: Soluble, autoxidazable 
and CO-binding —, halotolerant 
bacteria, Kono, Taniguchi and Egami 

Plant: — enzyme, papain, hyp- 
purylanilide synthesis, metal salts, 
Efkect pMOZUNG Ne teceeseatener= see 669, 


and — tissues, lipid- 
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631 
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133 


389 


205 
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P (cont’d.) 
Polyol dehydrogenase : 
hydrogenase 
Porphyra  tenera: 
chromoproteins, 
peptic digestion, Fujiwara ......... 
Potential : Oxidation-reduction —, 
cytochrome c, proteinase-modified, 
Minakami, Titani and Ishikura ...... 
— and desoxycorti- 


See De- 


Nori, 
phycoerythrin, 


Japanese 


Progesterone : 
costerone acetate, synthesis, hog, 
bile acids and steroids, ¢-hyodeso- 
xycholic acid, Takeda, Kubota and 
Kawanami 

Clupeine, Clupea pallasii, 

N-terminal residue, alanine, Ando, 


ere eee eee 


Proline : 


Abukumagawa and Nagai ........++.. 
—: — oxidizing enzyme system, 
halophilic bacterium, Shiio......... 
Protamine(s) : Clupeine, salmine, 

iridine, amino acid composition, 

homogeneity, Ando, Ishii, Yamasaki, 

Iwai, Hashimoto and Sawada ......... 
—: Leucine aminopeptidase, ac- 
tion, Ando, Nagai and Fujioka...... 
Protein : Chromo—s, Japanese 

Nori (porphyra tenera), phycoery- 

thrin peptic digestion, Fujiwara... 
—: Contractile —s, pecten adduct- 

ors, adenylic acid deaminase, Ki- 

tagawa ANd TOn0Murd ....ssececreeesoes 
—: Contractile —s, pecten adduct- 
ors, recovery, drop in light scat- 
tering, adenosine triphosphate, 
Matsumiya, Morita, Kitagawa, Yagi 
GRAMUGNOMUT Ces nance aeneca renee antes 
: Contractile —s, pecten adduct- 
ors, myosine B, constitution, Ya- 
TUM storaee tala siictorc seu wcmamamasae eulcees ae 
Contractile —, starfish, tube- 
feet, Maruyama and Matsumiya ...... 

Egg yolk —s, phosvitin, lipo- 
vitellin, 


lipovitellinin,  electro- 
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phoresis, Sugano 
Hydrazinolysis, cysteine plus 
cystine, microdetermination, Kura- 
tomi, Ohno and Akabori 
Serum —, turbidometric titra- 


eee e nese reecervereeee 


tion, Sogami, Momotani and Inoue... 


Proteinase: — digestion, cyto- 
chrome c, baker’s yeast, Nozaki, 
Yamanaka, Horio and Okunuki......... 


: — modified cytochrome c, oxi- 
dation-reduction potential, Muina- 
kami, Titani and Ishikura 


Pyruvic acid : Conversion, alanine, 


silkprotein formation, silkworm 
larva, Fukuda 


Quinoline : 4-Hydroxy-8-methoxy- 

—-2-carboxylic acid, inhibition, 
acid, diabetogenic 
property, Kotake and Kato ..........+. 


xanthurenic 


R 


Rat: 
nolamine 


— and pig tissues, lipidetha- 
and lipidserine, de- 
termination, distribution, Nozima 
Gnd MGESUCU. vancenneceiscese vakereeenee 
—: Incisor, glycerophosphate-P*, 

metabolism, distribution, incorpo- 

ration, Jto, Tsurufuji and Hiramatsu 
—: — intestine, sugar absorption, 
mechanism, phosphate esters, Va- 
LASAUIG sachin Saawe sete teen cnaebieeaee ete 

Incisor tooth and bone, radio- 
active calcium, uptake, diet, Ito, 


Tsurufuji and Murai 
Reductase : Thiosulfate —, separa- 


Se iy 


tion, sulfate reducing bacteria, 
Ushimoto and Koyama weececcweewae occ 
Glucose —, M. pyo- 
genes var. aureus, antibacterial sub- 
stances, growth inhibition, Yama- 


da and Yanagita 


Respiration : 


137 
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R (cont’d.) 
Ribo-apyrimidinic acid : Formation, 
yeast ribonucleic acid, hydra- 
ZLMVOI SIS WL OKEMUNG Men eee. cette nee: 
Ribonuclease; Takadiastase, Sato 
GNABESAN dads .cieceasieec tose eoeewah c oe6'se 
Ribonucleic acid: Yeast 
hydrazinolysis, riboapyrimidinic 
acid, formation, Takemura 
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See Protamine 
Sedimentation constant : Taka-amy- 

lase A, Isemura and Fujita ............ 
Serine: Lipidethanolamine 


Salmine : 


and 
lipidserine, determination, distri- 
bution, rat and pig tissues, Nozima 
ONG MESUCUM Kunis wees sleet selec eels os 
Serum : —albumin, carboxy-termin- 
al amino acids, species difference, 


Kusama 


— protein, turbidometric titra- 
tion, Sogami, Momotani and Inoue 
Silkprotein: Formation, silkworm 
larva, alanine from pyruvic acid, 
Fukuda 


Silkworm : 


— larva, silkprotein for- 
mation, pyruvic acid to alanine, 
Fukuda 

Star-fish : Contractile protein, tube- 


feet, Maruyama and Matsumiya 
Steroid: Bile acids and —s, hog, 
progesterone and desoxycorticos- 


ee eeee 


terone acetate, synthesis, «-hyode- 
soxycholic acid, Takeda, Kubota and 
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Bile acid and 7-keto- 
cholanic acid derivative, bromina- 
tion, Takeda and Komeno .........+4++ 
Streptomyces gelaticus 1164: Cholic 
acid degradation product, Haya- 
kawa, Saburi and Akaeda 


Substance : Antibacterial —s, effect, 
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249 
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glucose respiration, Micrococcus 
pyogenes var. aureus, growth inhibi- 
tion, Yamada and Yanagita 
Substrate : 


fect, 


Coenzyme and —s, ef- 
dehydrogenases, 
Sekuzu, 


denatura- 
Yamashita, Nozaki, 

Hagithara, Yonetani and Okunuki 
Sugar : 


tion, 
— absorption, rat intestine, 
mechanism, phosphate esters, Va- 
gasawa 
Sulfate : 
acid, inhibition, xanthurenic acid, 
diabetogenic property, Kotake and 
Kato 


Etherial — of xanthurenic 


Sulfate-reducing bacteria: See 
Bacterium 
Sulfur : Reduction of — and hydro- 


xylamine, cytochrome, sulfate-re- 
ducing bacteria, Ishimoto, Yagi and 
and Shiraki 


Taka-amylase A : See Amylase 

Takadiastase : Ribonuclease, Sato 
and Egami 

Thiamine : 


— phosphate, separa- 


tion, ion exchange chromato- 
graphy, polyphosphate, synthetic 
preparation, Suzuoki, Yoneda and 
Hort 
Thiamine : 
termination, apocarboxylase, alco- 
holic dehydrogenase, Kajiro ......... 


Thiosulfate reductase: See Reduc- 


peewee eee e ee ees eeeseeseeseeseeseee 


— pyrophosphate, de- 


tase 
Threonine : Biosynthesis from homo- 
Wata- 


serine, homoserine kinase, 
nahe, Konishi and Shimura 
Hard —, rat incisor, gly- 
metabolism, 
Ito, 
Tsurufuji and Hiramatst.....1esseee+s 

Hard —s, incisor tooth and 


Tissues : 
cerophosphate-P*, 
distribution, incorporation, 
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bone, rat, radioactive calcium, 
uptake, diet, Zio, Tsurufuji and Mu- 
VD igetoae «SECT ols « eetee eae s wees escats oe 195 
—: Rat and pig —s, lipidethanol- 
amine and lipidserine, determina- 
tion, distribution, Nozima and Utsu- 


ER ectioucdSeodtsn03é co gene aoe ne aeoneaee 565 
Transaminase: Halophilic — bac- 
terium No. 101, phenylalanine- 


PMatAMICACID SHU0 .....5...000000 175 


Transparency : Streaming —, ery- 


throcyte suspension, Kuroda ......... 123 
Trypsin : Amidase activity, kinetics, 
Shukuya and Watanabe ..........00055 481 


Tryptophan : L-—, enzymatic 
PMCPATAUON, SAKUTAT ......ceceeevasen 47 
Turbidometry : 


serum-protein, Sogami, 


—ic titration, 
Momotani 
and Inoue USF 
Turnips : — peroxidase, oxidase re- 
action, kinetics, stoichiometry, 


Pe cesta ian ceususbbaimeres 425 


ee ee is 


Yamazaki 


Urea: — and other nitrogenous 
compounds, metabolism, Chlorella 
ellipsoidesa, nitrogen-starved cells, 
ASSIMILATION, UELALLOTL. ives woea'seciessisicies 253 

Urine : Human —, /-aminosalicy]- 
ic acid, metabolism, chromato- 


graphic analysis, Nakao.............4- 327 


INDEX TO SUBJECTS 


—: Human —, glucuronide, p- 
aminosalicylic acid, 
tion, Nakao and Yanagisawa ......... 

Enzymatic oxida- 

isO- 


Urocanic acid : 
tion, a«-ketoglutaric-c-amide, 
lation, Suda, Shimomura and Kato... 


Viscosity: Taka-amylase A solu- 

tion, Isemura and Fujita ......0..0..006 
x 

Xanthurenic acid: Effect, hexo- 


kinase activity, Kotake, Shibata, Na- 
gayama, and “ADE wiac.casanseqe)seeeetoam 
Diabetogenic property, in- 
hibition, Kotake and Kato 


Y 


Yeast : — alcoho] and muscle gly- 
ceraldehyde-3-phosphate dehydro- 
genases, denaturation and inacti- 
vation, Sekuzu, Hagihara, Hattori, 
Shibata, Nozaki and Okunuki ......... 


—:  Baker’s —, intact cell, al- 


coholic fermentation, phosphate 
inhibition, Hayashibe — ...........0008 
—:  Baker’s —, cytochrome c, 


purification, proteinase digestion, 
Nozaki, Yamanaka, Horio and Oku- 


—:  Ribonuclic acid, hydrazinoly- 
sis, riboapyrimidinic acid, forma- 
tion, Takemura 
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